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Introduction 


As the result of a publication by E. F. Knipling in 
April, 1938, reporting the extraordinary efficiency of 
internal treatment with small doses of phenothiazine 
for preventing the development of hornfly larvae 
(Lyperosia irritans) in the faeces of cattle, a brief trial 
on pigs was carried out at this laboratory in order to 
ascertain whether the drug might not also possess a 
marked anthelmintic action.* The experimental pigs 
used for this purpose were not very heavily infected 
and as the efficiency of the drug, as indicated by this 
trial, only proved to be between 0 per cent. and 60 per 
cent. nothing further was done until August, 1939, 
when news of the success of Australian workers reached 
us and a private communication was received from 
W. E. Swales giving an account of remarkably good 
results obtained by him in Canada for the elimination 
of worms from comparatively lightly infested sheep. 


Fortunately, we were aware of a severe outbreak of 
parasitic gastritis within 20 miles of the laboratory at 
that time and still having in our possession a certain 
amount of phenothiazine left over from the previous 
trial in pigs were able to carry out an experiment forth- 
with, on heavily infected sheep. This trial produced 
a surprisingly good result and on reporting our findings 
to the Helminths Committee of the Agricultural 
Research Council it was decided that the Council 
should be asked to purchase some 500 pounds of the 
drug for the purpose of carrying out an extensive trial 
under farming conditions as speedily as possible. 


‘The symposium of,which this paper forms part, deals 
with work carried out in various parts of the country 
through the Agricultural Research 

ouncil, 


History of Phenothiazine 


Phenothiazine is described by De Eds et al. (1938) 
as “ a fine, smooth powder having a pale, lemon yellow 
colour, and is practically tasteless. When allowed to 
crystallize from solutions of alcohol, benzene, xylol, or 
toluol, flat leaf crystals with a soapy feel are formed. 
Phenothiazine melts sharply at 180° C., is soluble in 
fat solvents, but is practically insoluble in water. It 


*The phenothiazine used on this and on a later occasion was very 
kindly supplied by the Imperial Chemical Industries workers on 

' insecticides at Jealott’s Hi At that time the drug was difficult 
to obtain and without their help our early trials might have been 
considerably 


has a of 199-14, and the 
structural formula :— : 


*“ When exposed to air and moisture, phenothiazine 
slowly undergoes spontaneous oxidation. It is the 
parent substance of a large number of dyes, the most 
important of which, as regards the present work, are 
the three thiazine dyes, thionol, Lauth’s violet, and 
methylene blue.”” It was first prepared in 1885, by 
Bernthsen, but does not appear to have found any 
special uses nor was there any evidence of its parasiti- 
cidal properties until 1934 when Campbell et al. 
reported on its toxicity against culicine mosquito 
larvae. These trials showed it to be even more toxic 
than rotenone, its action proving to be quite effective 
down to a dilution of 1 : 1,000,000. 

Smith, Munger and Siegler (1935) then tried it for 
the control of the codling moth and found it to be as 
effective as lead arsenate. Knipling (1938), however, was 
the first to report its marked action against parasites of 
domestic animals ; he fed small amounts to cattle and 
found that whereas no toxic effects were observed, the 
development of hornfly larvae (Lyperosia irritans) was 
completely inhibited in the faeces for three days. 
Harwood, Jerstad and Swanson . (1938) then tried 
phenothiazine in pigs and found a rather variable, but 
nevertheless marked action not only against ascarids 
but also against oesophagostomes. Harwood, Haber- 
man and Jerstad (1939) later reported observations on 
eight sheep, in which they found marked anthelmintic 
action at a dose rate of 1 gramme per kg. body weight, 
against hookworms and nodular worms and also against 
Haemonchus and Ostertagia, the effect apparently being 
particularly marked against Ostertagia. Swales (1939) 
next reported results obtained in the treatment of ten 
lightly infected sheep ; he perfected an effervescent 
tablet and found a dose of 0-6 gramme to 0-8 gramme 
per kg. body weight to have a very pronounced action 
against stomach worms, nodular worms and hook- 
worms. Gordon (1939) in Australia, also published 
a note having found a dose of 0-2 gramme per kg. to 
have a variable efficiency against nodular worms, 
ranging up to 100 per cent. Along with Whitten 
(1939), he also published a short note reporting an 
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efficiency of 100 per cent. against Haemonchus. Con- 
current with this publication came one from Roberts 
(1939), another Australian parasitologist, who reported 
observations on seven lambs in which a dose of 
0-2 gramme per kg. was shown to have an efficiency 
ranging up to 94-7 per cent. against nodular worms and 
more recently Swanson, Harwood and Connolly (1940) 
have reported trials in pigs in which they found doses 
of phenothiazine ranging from 5 grammes to 
30 grammes, according to the size of the pig, to be 
very effective against nodular worms and ascarids, 
although less effective against light infections of ascaris 
than against heavy ones. 

The results reported by the present authors concern 
more extensive trials on larger groups of animals most 
of which were actually suffering from helminthic 
disease at'the time that the trial was carried out. Sheep 
and horses have been most largely used and results, 
almost without exception, have been extraordinarily 


The phenothiazine used in these observations has 
been supplied by the Imperial Chemical Industries in 
four forms: (a) pure phenothiazine powder, having a 
purity of about 99 per cent. ; (6) phenothiazine powder 
mixed with a wetting agent to facilitate its mixture 
with water ; (c) liquid phenothiazine, being a suspen- 
sion of very finely powdered phenothiazine in water 
containing some dispersing agent, and (d) pheno- 
thiazine tablets, containing 5 grammes of the pure drug 
and a certain amount of excipient together with a 
substance that brings about a rapid disintegration of 
the tablets when placed in water. 


Experimental Data 
Sheep 


ANTHELMINTIC EFFECT. 


Experiment No. 1.—Eleven lambs, badly affected with 
parasitic gastritis, were purchased from a flock among 
which fifty had just died from this disease. On reaching 
the laboratory they were divided at random into two 
groups, five being kept as controls and six receiving 
5 grammes of the phenothiazine mixture recommended 
by Swales.* 

All of the lambs, controls as well as treated animals, 
were killed five days after the dosing had been carried 
out and worm counts were made on the stomach and 
intestinal contents. Results given in Table No. 1 show a 
very remarkable effect of the treatment in that no worms 
were recovered from the stomachs of the six treated 
lambs, mature Ostertagia and Trichostrongylus having 
been completely eliminated, whereas four of the five 
controls contained over 15,000 worms in the fourth 
stomach. The effect on worms in the small intestine 
was less striking but nevertheless demonstrated an effi- 
ciency of over 80 per cent. : 

Experiment No. 2.—When the outbreak of parasitic 
gastritis among the flock from which the above-mentioned 
eleven lambs had been purchased began to diminish, and 
deaths occurred less frequently, forty of the most severely 
affected of those still remaining alive were picked out 
for a further trial. They were divided at random into 
two equal groups, one of which received four weekly 
doses of phenothiazine, the other being kept as a control 
group. 

Samples of faeces were collected for the purpose of 


*Swales recommended a special mixture of phenothiazine of the 
following composition :— 

Commercial phenothiazine (pulv.) --. 80 parts 
Effervescent salts (sod. bicarb. 50 parts, dehydrated 
tartaric acid 45 parts) 
d ox gall $08 ivi 2 
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making a composite count, and all of the lambs were 
weighed on each of the four occasions when dosing wis 
carried out. Particulars are set out in Table III and 
demonstrate the effect of the drug during one month in 
bringing about an increase in weight of 2:2 lb. per head 
over and above the gain in weight of the untreated 
controls. 

Experiment No. 3.—Concerns an outbreak of parasitic 
gastritis among a flock of 91 lambs of which 36 had 
already died before the experiment began. 

The opportunity was afforded at the time that the 
diagnosis was made of examining the contents of the 
stomach of one of the lambs which had died of parasitic 
gastritis, and the infestation was found to comprise 20,750 
O. circumcincta, 4,550 T. axei and 220 H. contortus. 

The flock was then divided at random into two equil 
groups of 28 lambs; members of one group being 
given a dose of 20 grammes of phenothiazine in the 
form of a draught, without the additional substances used 
by Swales and the other group were kept as an undosed 
control. Weights and composite egg counts were made 
on the first and on two subsequent occasions and are 
shown in Table IV. 

The result obtained in this observation was very re- 
markable in that the dosed sheep made an increase of 
12 lb. per head over and above the increase in weight of 
the controls during the six weeks of the trial, repre- 
senting a total increase of 336 lb. 

Experiment No. 4.—There had been several deaths 
from parasitic gastritis among this flock during an out- 
break of the disease which had occurred some twelve 
weeks previously. A post-mortem examination carried 
out at that time had shown the following parasites to be 
present: 23,940 O. circumcincta, 1,330 T. axei and 1,330 
larvae in the stomach, and in the small intestine, 20,640 
T. vitrinus, 1,290 C. curticei, 430 C. oncophora, 5,160 
N. filicollis and 2,580 larvae. About 20 lambs had died 
and the remainder of the flock made a more or less 
satisfactory recovery before the test dosing was carried 
out on October 31st. 

On this occasion the 30 poorest lambs were taken out 
of the flock of 400; these individuals were then selected 
in order, proceeding from the poorest to the best member 
of the group; two out of every three were dosed with 
30 grammes of phenothiazine in the form of capsules, 
and the third was kept as an undosed control: all were 
weighed. The results, which are given in Table V, 
show an average increase during the three weeks obser- 
vational period of 2°1 lb. per head among the treated 
lambs, over and above the average increase per head of 
the undosed lambs. 

Experiment No. 5.—K. D. Downham of the Harper 
Adams Agricultural College reported an observation on 
eight lambs suffering from parasitic gastritis in which 
during the first six days after treatment the four dosed 
lambs made an average gain of 5°5 lb. each, whereas the 
four undosed controls made an average gain of only 
1°5 lb. 

EFrFrect OF THE DosinG oF HEALTHY BUT INFECTED 
Lamss.—The following few observations were carried 
out on healthy lambs to ascertain whether the removal 
of a relatively slight infestation of parasitic worms, not 
sufficient to cause obvious symptoms of disease, might 
bring about an increased rate of growth. ' 

Experiment No. 6.—This observation, carried out y 
K. D. Downham, concerned 20 healthy lambs, all born 
in March, and picked out from a well-managed flock 
that had been periodically dosed with copper sulphate and 
received frequent changes of pasture throughout the 
previous summer. ‘The lambs were divided into twa 
equal groups the members of one of which receivec a 
dose of 15 grammes of phenothiazine on December 6th. 

A second weighing carried out three weeks later showed 
an average increase of 0°7 lb. per head among the gro.'p 
of dosed lambs in excess of the increase among 11¢ 
controls. 

Experiment No. 7.—Another collaborator, . J. W. 
Ironside of the Midland Agricultural College, carried ot 
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a similar observation on ten healthy lambs, previously 
treated with copper sulphate and nicotine sulphate. 

Results also showed a slight increase of weight in 
f,vour of the treated group which during four weeks 
gained an average of 10-4 Ib. as compared with 9°8 Ib. in 
tle controls. 

EXPERIMENTS WITH SMALL Doses.—It was felt that the 
large size of the dose and the bulky nature of the drug 
threatened to be the most powerful factor operating 
ayaimst its general use in sheep and we, therefore, carried 
out a few trials to ascertain whether it might not be 
possible to secure adequate anthelmintic action with a 
much smaller dose. Results of the trials carried out on 
eizht sheep are shown in Table VI and indicate that 
whereas doses of less than 3 grammes had no action, 
those of 3 grammes (0°08 grammes per kg. body weight) 
and over, produced a marked effect.t 

Some further evidence of the minimum effective dosage 
is given in Table IX, which suggests that amounts as 
small as 1-5 grammes and 1;75 grammes had some effect. 

Datty Doses OF PHENOTHIAZINE MIXED WITH THE 
Foop.—Doses of 2 grammes, 5 grammes and 10 grammes 
were tried in three pairs of sheep, the phenothiazine being 
given in powder form mixed with the food. The results, 
which are given in Table VII, show considerable effect 
even for the 2 gramme doses, the 10 gramme dose, how- 
ever, producing the result more rapidly. 

The sheep receiving the 10 gramme doses did not eat 
their medicated food at all readily but those on the 
smallest dose took it well; and suffered no ill effect 
whatsoever; the two sheep receiving 10 grammes daily, 
however, began to show signs of intoxication after the 
first week, dullness and inappetence being the principal 
symntoms, and on the thirteenth day one of them died, 
showing diarrhoeic symptoms for a few hours beforehand. 

TOLERANCE OF SHEEP.—Apart from the daily dosing 
of 10 grammes no evidence of the slightest toxic effect 
had been observed in any of the therapeutic treatments 
of sheep; in an endeavour to obtain some idea of the 
toxic dose, therefore, four lambs weighing between 86 
and 89 Ib. received 40 grammes, 80 grammes, 200 
grammes and 400 grammes of phenothiazine respectively, 
but without any signs of intoxication being produced. 

The absence of result from the top dose seemed ‘so 
surprising that it was repeated in another lamb of the 
same weight, but again produced no ill effect whatever. 

The lamb that died as a result of repeated daily doses 
refused food for the last day or two and showed a dark 
red diarrhoea before death;{ this lamb was in a par- 
ticularly poor condition when the treatment commenced, 
which may have had something to do with the fatal 
result; a second one in better condition, however, also 
showed signs of intoxication although it survived 16 
daily doses of 10 grammes. "Two other lambs which 
received daily doses of 5 grammes each showed no such 
symptoms. 

SUMMARY OF OBSERVATIONS IN SHEEP.—Extensive 
trials suggest that in doses of 15 to 30 grammes (0°5 to 
| gramme per kg. body weight) phenothiazine has a 
remarkably good anthelmintic effect in sheep, the effi- 
ciency of its action ranging round 100 per cent. for worms 
in the fourth stomach and 80 per cent. for most of the 
worms in the small intestine. Where used in actual out- 

breaks of parasitic gastritis its effect is reflected in very 
considerable gain in weight. 


tit is possible that the dose of 1 gramme given to these sheep four 
dys previously may have helped to bring about the observed 
rsult. This possibility also applies to the results obtained in the 
goats, which had also received small doses two or three days 
previously. 

Post-mortem findings in this sheep were as follows:— _ 

Nasal passages filled with a catarrhal exudate of a pink colour, 
presumably" due to the inhalation of phenothiazine powder, the 
mucous membrane over the turbinated bones and in the upper part 
of the trachea was of a dark reddish brown colour, but apparently 
not inflamed, the coloration presumably also being due to the 
tormation of thionol from the drug. Bronchioles also contained 
much catarrhal exudate. Liver showed signs of fatty degenera- 
tion; the kidneys were of a dark red colour, the pelvis containing 

« brownish liquid. The fourth stomach showed a slight inflam- 
mation of the mucous membrane throughout its whole extent. 


Less extensive trials suggest that doses as low as 0°08 
gramme per kg. body-weight have a considerable anthel- 
mintic’ effect although the action of ‘larger doses is more 
reliable. 

The tolerance of sheep is extraordinarily high, 400 
grammes having been given without ill-effect; a repeated 
daily dose of 10 grammes, however, produced a fatal 
intoxication in one instance. 

Sheep will take 2 grammes to 5 grammes mixed with the 
food, a good anthelmintic effect being produced even by 
the smaller dose. 

Administration is best carried out by means of 5 gramme 
tablets and a rubber-ended balling gun.* Given adequate 
assistance it is possible for one person using a balling 
gun to administer a 10-gramme dose to 160 lambs in an 
hour. 


Goats 


Experiment No, 8.—The following observations were 
made on the effects of phenothiazine on a group of goats 
at the Ministry’s laboratory, many of their number suffer- 
ing severely from parasitic gastritis. 

Fifty-three goats were used for this experiment; 25 
received one dose of phenothiazine in capsule form, 
varying between 10 grammes and 30 grammes according 
to the size of the goat, and 28 were kept as controls. 

During the three weeks observational period the egg 
count among the 25 treated goats was reduced from an 
average of 5,080 to an average of 533, the egg count 
among the 28 controls falling from an average of 6,696 
to 3,808 during the same :period. 

Several of the goats showed signs of intoxication for 
three or four days after the administration of these doses; 
they refused all food, looked dull, and were often seen 
to stand motionless in a corner of the stall with their 
heads hanging down. 

As a result of the various origins of the experimental 
goats, and the small number of post-mortem examinations 
carried out, the results are less conclusive than they 
otherwise would have been, but they suggest that the 
drug acted particularly powerfully on Ostertagia circum- 
cincta and on Trichostrongylus axei, less powerfully on 
worms in general in the small intestine and not at all on 
Nematodirus filicollis, Moniezia spp. and Fasciola 
hepatica. 

The post-mortem results also suggest the 10 gramme 
- to have been less efficient that the 20 and 30 gramme 

oses. 


THE Errect oF SMALL DosEs IN Goats. 


Experiment No. 9.—In this experiment eight goats 
received gradually increasing doses of phenothiazine at 
intervals of four days, the doses ranging from 0°5 gramme 
to 12 grammes. The data which were collected are 
shown in Table II and indicate that doses up to 1} 
grammes are without effect; a dose of 4 grammes appears 
to have had some effect, 6 grammes had a decided effect, 
and the 8 gramme dose appears to have been just as 
effective as the.12 gramme dose given later. In one or 
two instances, however, the smal] doses failed to expel 
a considerable number of worms, notably in goat 428. 
These results conform with those of experiment 8 and 
it may be concluded that doses of less than 20 grammes, 
although effective, cannot be relied upon to produce the 
maximum anthelmintic action. 

TOLERANCE OF GoaTts.—lIn view of the signs of toxic 
action seen in several of the treated goats a series of 


*In a private communication received since this was written, Dr. 
. Robertson of the Aberdeen School of Agriculture claims to have 
dosed sheep with the liquid form of phenothiazine at the rate of 
feur per minute. McEwen and Rowlands also preferred the 
liquid and as the tablets are very awkward to administer without 
the proper balling gun this. form of the drug may be found to be 
the most generally useful. 2 


" #These goats had been collected from various centres in Wales, and 


’ in Ireland, séveral of them being in a more or less advanced 
_Stage of parasitism on arriving at the Laboratory. On account 
‘Of their different origins, therefore, the nature of their helminthic 
)infections did not conform so nearly to one type ‘as it would have 
done had they all come from one source, 
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trials was carried out in order to assess the toxic dose. 
In the first trial six goat kids were treated with 10, 20, 
30, 40, 50' and 60 grammes respectively, of phenothiazine, 
but without producing any ill effect. Eight adult goats 
were next treated with 50, 60, 70, 80, 90, 100, 110 and 
120 grammes respectively, but again without producing 
any ill effect. 

ly three days later when it became clear that there 
was a negative result from the previous administration a 
dose of 400 grammes was given to the goat that had 
previously received 80 grammes, but even this produced 
no noticeable effect whatever. 

Summary OF ResuL_ts IN Goats.—Our observations 
suggest that at certain times goats may be less tolerant 
of phenothiazine than are sheep, but even at those times 
are good subjects for anthelmintic treatment with this 
drug. At other times they are able to withstand enor- 
mous doses, similar to sheep. Doses varying between 
10 and 30 grammes reduced the egg count to one-tenth 
of what it was before treatment was carried out. A 
dose of 6 grammes reduced the infestation very con- 
siderably and an 8 gramme dose appeared to be in no 
way inferior to a 12 gramme dose. 


Cattle 


Experiment No. 10.—Concerned an outbreak of para- 
sitic gastritis among seven Jersey calves in which two 
had just died at the time that the outbreak came to our 
notice. Egg counts made on samples of faeces collected 
from two dead calves on September 3rd gave a count of 
3,900 and 1,500 eggs per gramme respectively, counts 
that are considered to be high for cattle. Post-mortem 
examination showed the presence of a pure infestation of 
Ostertagia ostertagi, 8,200 being recovered from the 
fourth stomach of one calf and 20,200 from the other. 

Three of the five remaining calves were then treated 
with 25, 35 and 45 grammes of phenothiazine powder 
respectively, and the other two kept as controls. On 
September 13th the three treated calves were found to 
have improved in condition and to have recovered from 
the diarrhoea; one of the two controls, however, looked 
distinctly worse than on the previous occasion and so 
was given a dose of 30 grammes of phenothiazine. This 
animal died on September 20th, presumably having been 
beyond the hope of recovery at the time that treatment 
was given: post-mortem examination revealed the 

ce of only 200 O. ostertagi in the stomach and 600 
in the small intestine. The remainder of the animals 
ultimately made a good recovery. 

This observation appears to indicate the efficiency of 
25 to 40 gramme doses of phenothiazine against O. oster- 
tagi in calves. ‘ 

Experiment No. 11.—Was carried out by W. J. Ironside 
of the Midland Agricultural College on six cattle which 
had previously. received treatment with copper sulphate 
and nicotine sulphate. 

The three treated cattle varied considerably in size 
but all received the same dose of 70 grammes of pheno- 
thiazine, as a result of which they were all very seriously 
upset and refused food for several days. One of the 
three, which was in a weak state at the time of dosing, 
became so ill that it was expected to die; but all ultimately 
made a good recovery. 

The egg count per gramme of faeces in the treated 
cattle was reduced during the three weeks observational 
period from 800, 100 and 1,200 to 200, 0, and 0, respec- 
tively, whereas among the three controls the successive 
counts were 300, 1,300 and 700, respectively, at the first 

- examination, and 400, 1,000 and 900 at the second. 
ToLerance or CattLe.—The suggestion of suscepti- 
bility to toxic action given in experiment_11 led to our 
carrying out one or two direct observations on this point, 
and on October 26th a dose of 1,000 grammes was given 
in the form of a drench to a 14-weeks-old calf, it being 
anticipated that the tolerance of cattle might approach 
that of sheep. Within an hour the calf lay down and 
would not rise; on the following day it was found to be 


lying on its side, the temperature having risen to 102-4°, 


at which point it remained. Great muscular weakness 
was noted on October 28th and 29th, on October 30:h 
respiration was observed to be rapid, the pulse was weak, 
and death occurred during the afternoon. 

Post-mortem examination showed extensive ulcerati sn 
of the mucous membrane at the pyloric end of the 
stomach, and slight inflammation throughout the while 
length of the bowel lining. The liver and lungs were 
congested; the kidneys appeared to be normal. Petechial 
haemorrhages were seen under the pericardium. Some 
little time after exposure to air the whole carcase took 
on a red colour—due, presumably, to the oxidation of the 
thionol which is one of the products of phenothiazine in 
the animal body and is responsible for the red coloration 
of the urine. Portions of tissue taken for sectioning also 
produced a bright pink coloration in the fixative. 

A second calf, 12 weeks old, and weighing about 150 |b., 
received a dose of 200 grammes on the same date, 
October 26th; on the 27th it was found to be lying down 
and refused food, during the following eight days it 
became increasingly weak and it died on November Sth. 

At post-mortem examination ulceration of the abomasal 
mucous membrane was again seen, particularly at_ the 
pyloric end, the contents of the rumen were very fluid 
and there were signs of slight inflammation in the mucous 
membrane of the first, second and third stomachs. The 
intestines were also slightly inflamed. The liver was 
friable and yellowish in colour; the kidneys appeared to 
be enlarged but did not show pathological changes on 
macroscopic examination. 

A third calf, 5 months old but weak and very small, 
weighing only 105 lb., was dosed with 85 grammes of 
phenothiazine in the form of a drench. On the follow- 
ing morning it was found lying down, sweating and show- 
ing signs of great distress, the abdomen being distended. 
As it appeared to be no better in the afternoon it was 
destroyed. At post-mortem examination the mucous 
membrane of the abomasum was found to be acutely 
inflamed, particularly at the pyloric end where ulceration 
had begun. Slight inflammation of the small intestine, 
extending into the caecum was also observed. The liver 
and kidneys were normal. 

A fourth calf, also 5 months old, but well grown, 
weighing 273 lb., was treated with 100 grammes in 
liquid form but showed no untoward results whatsoever; 
it went on feeding and behaving in a perfectly normal way 
from the time that the dose was given. 

SUMMARY OF OBSERVATIONS IN CaTTLE,—Although 
two experiments—Nos. 10 and 11—gave indications of 
good results similar to those obtained in sheep, observa- 
tions on the tolerance of cattle show them to be sensitive 
to the toxic cc’‘ion of the drug and suggest that a dose 
of something like two grammes per kilo may prove fatal 
to.a 3 to 5-months-old calf. 

It seems prcbable that the drug will prove less useful 
in cattle than in other ruminants. 


Horses 

The remarkably good results obtained in the treatment 
of horses are recorded in Table VIII, a, b, and c, and 
represent data which we have been able to collect since 
September 15th, 1939, when the first’ trial was carried 
out. 

The method of procedure has been to omit one or 
perhaps two feeds in order to increase the animal’s ap)e- 


tite and then to offer the powdered drug mixed wit! a 


bran mash or with alittle oats and treacle when, a 4 
rule, the horse would take it voluntarily. ; 

The method followed in carrying out the faecal exa'1I- 
nations was as follows: First, an estimate of the numer 
of eggs per gramme was made by, applying the new 
*The trials in horses have been carried out withenthe kind co- 

operation of the followi veterinarians and people associ: ‘ed 

with thoroughbred studs “sp | R. Barker, J. Bell, J. W. Bruf <d, 
F. J. Carless, P. Crosfield, K. D. Downham, C. C. Edmu: ds, 
J. Macarthur, and E. B. Reynolds, 
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McMaster technique,t then the faeces were cultured at 
26°C. and in eight days time the third-stage larvae 
separated by means of Baermann’s apparatus; these were 
then differentiated into species and groups of species, 
and the original egg count divided proportionately. 

These trials demonstrate a very remarkable efficiency 
for all of the strongyloid parasites 6f the large intestine, 
the adults at least, being completely eradicated as the 
result of the administration of a dose of between 30 and 
60 grammes. 

Trichostrongylus axei, presumably because of its differ- 
ent situation (in the stomach), is more resistant and in 
several instances appears to have been the only strongy- 
loid parasite to withstand the treatment. Ascaris also 
responds to the treatment but Anoplocephala, data con- 
cerning which are not given in the table, did not. 

TOLERANCE OF Horses.—Horses appear to be very 

-good subjects for treatment with phenothiazine, the large 
number of trials, data from which are set down in Table 
VIII, a, b, and c, having been carried out without any 
definite symptoms of intoxication although in several 


' instances slight inappetence was observed about 24 hours 


after treatment. 

SUMMARY OF OBSERVATIONS IN Horses.—Phenothia- 
zine at a dose rate of 0°06 gramme to 0°08 gramme per 
kg. body weight (30 grammes to 40 grammes for a 
hunter) is 100 per cent. efficient against red-worms. A 
dose_of 20 grammes is also effective but less reliable, but 
a dose of 10 grammes produces no anthelmintic effect. 
Trichostrongylus axei does not respond well nor do 
Anoplocephala spp. but Ascaris is, as a rule, satisfactorily 
expelled. 

Horses appear to tolerate this drug very well indeed, 
no clear instance of intoxication having been observed. 


EFFECT OF PHENOTHIAZINE ON EGGS AND ON THE 
DEVELOPMENT OF INFECTIVE LARVAE IN THE 
FAECES 


Examination -of faeces from a calf which had received 
45 grammes of phenothiazine on the previous day showed 
all of the eggs (some 1,100 per gramme) to be dead; the 
contents being opaque and shapeless and showing signs of 
degeneration. 

Observations subsequently made on goats receiving 
smal] doses of ~henothiazine showed that amounts too 
small to have any effect upon the adult worms were 
nevertheless sufficient to prevent the development of the 
larvae. The smallest dose employed was 0°25 gramme 
and as a goat passes something like 1,000 grammes of 
faeces during a day and the excretion of the pheno- 
thiazine in the faeces would be spread over three days 
it is obvious that the amount requisite for the prevention 
of larval development must be something quite small, 
presumably in the region of one part of phenothiazine in 
8,000 of faeces. mA 

The data from which this conclusion has been drawn 
are set down in Table IX. “- 

Trials later carried out in vitro showed that a mixture 
of 1:100 or of 1:1,000 of phenothiazine powder in the 
faeces culture prevented the development of the larvae 
in a similar way. It was interesting to note, however, in 
ar. experiment in which the four treated goats were carry- 
inz a particularly heavy infection of Muellerius, that no 
ef ect whatsoever was produced on the larvae of this genus 
of lung-worms, living larvae being recovered from the 
culture in thousands. 


the McMaster egg counting technique has been found, in qur 
hands, to be as accurate as the dilution method previously in use 
at this Laboratory and is a quicker and more convenient way of 
vorking. We have introduced one slight improvement in that 
he 3 gramme sample of faeces is first mixed with water, centri- 
ugalised and the supernatent cloudy liquid discarded before a 
66 per cent. saturated salt solution is added and the count made 
n the epecial cell described by Gordon and Whitlock (1939). 
Chis preliminary washing not only allows a greater amount of 
light to make its way through the preparation but permits of the 
enumeration of the eggs of Ascaris, Trichuris and Fasciola and of 
' ‘ungworm larvae. .These do not float to the top of the two-thirds 
saturated salt solution that is found to be the most useful medium 
for the enumeration of strongyloid eggs. 


| 
| 
| 
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. An observation was next made to ascertain at what 
stage of larval development the action of the drug 4s 
most marked. Six 50-gramme cultures were made up f 
this purpose, half a gramme of phenothiazine being . 
added to each at various stages during the culture period. 
When larvae were ultimately separated by means of. 
Baermann’s apparatus on the eighth day it was found 
that the drug had exerted its greatest influence on the 
eggs and early stages of development of the larvae. 
After the fifth day of development, i.e., when the larvae 
had reached the infective stage, the drug had taken 
comparatively little action. Particulars of this observa- 
tion are shown in Table X. 

Action in Vitro.—Solutions of phenothiazine of various 
strengths were prepared in physiological saline, between 
20 and 30 Trichostrongylus worms, freshly collected at 
post-mortem examination, being placed in each solution 
and kept at 37° C. 

The results show that within 18 hours ‘the saturated 
and half saturated solutions had begun to take effect 
although all of the test worms were not killed until they 
had been in these solutions for 66 hours. The quarter- 
saturated solution also appeared to take some effect but 
test worms in the eighth-saturated solutions behaved in 
the same way as the controls in physiological saline. 

As phenothiazine is described by chemists as 
“ practically insoluble” this result would suggest a very 
potent anthelmintic action on the part of the very small 
amount of substance in solution.* 

(For Tables (Experimental Data Section) see 
Pages 640-644.) 


Phenothiazine as an Anthelmintic 


DISCUSSION—MENTIONING DATA REPORTED IN 
OTHER CONTRIBUTIONS TO THE SyMposiuMt 


GENERAL ANTHELMINTIC ACTION. 


The extensive observations which are here reported 
on the anthelmintic action of phenothiazine in farm 
animals provide ample evidence of the great importance 
of the discovery of this parasiticide in the annals of 
helminth control by the use of drugs. 

In common with other anthelmintics its mode of 
action remains something of a mystery, and its addition 
to the short list of really effective medicinal parasiticides 
cannot be regarded as the outcome of a scientific under- 
standing of the principles by which their action is 
governed. The use of phenothiazine as an anthel- 
mintic can be traced back through a series of rational 
trials to the first observation on its insecticidal proper- 
ties, made by the workers in the United States Bureau 
of Chemistry and Soils, who on account of the lack of 
information at present available on the correlations 
between chemical structure and parasiticidal action 
were forced to carry out their investigations by a 
method of trial and error. As each new anthelmintic 
substance is found, however, fresh opportunity for 
study is provided, and it is not improbable that an 
investigation of some of the peculiar points concerning 

‘ phenothiazine treatment may help to explain the mode 
of anthelmintic action. 

The most outstanding peculiarity concerns the 
_requirement for a large dose of the drug. Although it 
‘is practically insoluble in water we were able to 

demonstrate a definite parasiticidal action on adult 
worms in vitro, and a very marked toxic action on the 


‘(Continued on Page 644.) 


*A. Eden of this laboratory has determined the solubility for us as 
being not greater than one in 50,000: 

+'* We” in this discussion refers to Taylor and Sanderson. Where- 
ever reference is made to the work of other contributors to the 
symposium the name is given. 
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4,200 
500 


III (Experiment No. 2.) 
NG | Showing the effect of a 15 gramme dose of phenothiazine administered at the end of an outbreak of parasitic gastritis to a group 
a | of 20 lambs many of which had been severely affected 
—— ; 20 Lambs dosed with Phenothiazine. 20 Control Lambs. 

\3 | Dates of Dosings 

= and Weighings. Average Average Increase Egg Count Average Average Increase Egg Count 
oat Weight in Ib. in Weight. per gramme. | Weight in lb. in Weight. per gramme. 
—__| 13.9.39 61-1 2,400 61-1 2,300 

22.9.39 64-2 3-1 63-4 

| 29.9.39 65-4 1-2 500 64-4 1-0 1,400 

13.10.39 70-8 5-4 68-6 4-2 

aS | 

2% 

cd For particulars of worm infestation see Table I, the lambs referred to in Tables I and III belonging to the same flock. 
Zs | Increase in favour of dosed sheep = 2-2 Ib. per head in one month. ° 

Qa 
pay | Tas_e IV (Experiment No. 3.) 

Sk | Showing the effect of a 20 gramme dose of phenothiazine administered towards the end of an outbreak of parasitic gastritis to a 
g* | group of 28 lambs many of which had been severely affected. Species of Ostertagia were principally concerned in this outbreak 
: = ty 

A 28 Lambs dosed with Phenothiazine. 28 Control Lambs. 
4 Dates of Dosings 
SE and Weighings. Average Average Increase EggjCount Average Average Increase Egg Count 
sai | Weight in Ib. in Weight. per gramme. | Weight in lb. in Weight. per gramme. 
Et | 30.9.39 61-3 5,100 63-4 5,100 

=e | 21.10.39 74-0 12-7 200 67-5 4-1 2,400 
14.11.39 78-3 4:3 200 68-4 0-9 1,400 


Increase in favour of dosed sheep in six weeks = 12 Ib. per head, or a total of 336 Ib. 


TaBLe V (Experiment No. 4.) 


338 | Showing the effect of a 30 gramme dose of phenothiazine administered to lambs two months after the termination of an outbreak 
os | of parasitic gastritis, resulting principally from an Ostertagia infestation 


ESE | 

> 10 Lambs dosed with 30 grammes Phenothiazine. 20 Control Lambs. 

—— Dates of Dosing 

ESE | and Weighing. Average Average Increase Egg Count Average Average Increase Egg Count 
ek . Weight in lb. in Weight. per gramme. | Weight in lb. in Weight. per gramme. 
222 | 31.10.39 78-0 4,500 84-1 4,500 
BSE | 23.11.39 80-3 2-3 200 84-3 0-2 5,300 


Increase in favour of dosed lambs = 2:1 Ib. per head in three weeks. 


9,400 


3,800 


TaBLe VI 
Showing the effect of small doses of phenothiazine on a mixed infection, principally Haemonchus contortus, in sheep 


8,000 


1,300 


>o¢ 
¢ <n | - of Grammes of Phenothiazine given. Eggs per gramme of Faeces. 
eep. 
= 33 19.4.40 23.4.40 27.4.40 1.5.40 | 12.4.40 20.4.40 23.4.40 27.4.40 1.5.40 6.5.40 10.5.40 15.5.40 
| 
rae 1 } 3 5 12,000] 16,900 22,900 2,000 800 300 400 300 
2 } 1 3 5 276001 | 5,900 4900 6,300 700 100 700 700 
Bes 3 + 1 3 5 800! 2,900 2,500 2,800 300 ' 200 400 400 
owe 4 t 1 .3 5 500! 300 1,300 800 800 1,200 700 400 
5 2 4 6 7,600 3,900 5,700 7,700 700 100 300 1,000 
“ 6 j 2 4 6 2,200 2,400 7,200 1,600 500 600 500 300 
“Wed 7 | 2 4 6 1,000 4,100 3,900 2,100 500 100 200 800 
8 + 2 4 6 800 1,500 3,500 1,500 600 - 200 700 400 


| 
| 
| 
+ | 
/ 
ane 


642 No. 36. VoL. 52. THE VETERINARY RECORD. September 7th, 1940. 


VII 
Lg Showing the effect of the repeated administration of small doses of phenothiazine to sheep 
= Eggs per Gramme of Faeces in Six Experimental Sheep. 
te. 
2 Gramme Doses of 5 Gramme Doses of 10 Gramme Doses of 
Phenothiazine Daily. Phenothiazine Daily. Phenothiazine Daily. 
Shecp 1. Sheep 2. Sheep 3. Sheep 4. Sheep 5. Sheep 6. 
26.1.40 2,800 700 600 900 7,700 2,100 
2.2.40 2,800 200 2, 100 7,400 500 
3.2.40 400 200 1,400 ane 2,300 200 
5.2.40 200 100 200 oo 400 — 
6.2.40 100 100 — 100 
7.2.40 100 400 200 
8.2.40 100 200 100 _ — 100 
9.2.40 100 500 200 
13.2.40 100 100 100 _ 
15,2.40 400 100 — _ _ Died 
20.2.40 100 100 
29.2.40 100 100 


Taste VIIIa 
Showing the effect of doses of phenothiazine ranging from 10 grammes to 25 grammes on strongyloid worms in horses 


é Egg Count Before Treatment. Egg Count 2 to 4 Weeks After Treatment. 
| | 
Particulars of we. : 
Horse. 3 | } 3 . 4 
10 — 350 | 115 5 | 30 0 0 864 | 216 0 | 120 0 
7 — 790 | 140 | 20 | 50 0 0 | 1,411 | 136 0 | 154 0 
je — 98 | 80 | 40 18 0 0 178 12 10 0 0 
6-year-old Hunter | - _ 616 | 341 0 66 77 0 1,064 84 0 28 | 224 
4-year-old , |, ~ 803 | 275 0 11 ll 0 | 1,920 | 336 0 | 144 0 
ll-year-old _,, ee — 304 0 0 68 28 0 882 0 0 9 9 
S-year-old =, 97 0 0 2 0 837 9 0 | 54 0 
Q-year-old , | ,, — 69 | 12 0 16 3 0 | 1425 | io 0 | 75 0 
10-year-old | 
Thoroughbred — | 1,392 0 | 208 0 0 255 12 o ‘| ‘21 | 
8-year-old  , | 15 — 336 | 24 0 | 240 0 0 648 | 40 o | 112 0 
3-year-old ‘i ts — | 872 | 108 12 | 696 | 12 0 40 3 0 57 0 
l-year-old | — | 52 | 0 | | 6% | 48 | o-| | -“e 
2-year-old a n — | 462 14 0 | 224 0 0 0 0 o.| + 0 
20 a 600 0 0 0 0 0 1 0 0 0 0 
|» — 400 0 0 0 0 0 100 0 0 0 0 
l-year-old ” ‘ — | 679 14 0 7 0 0 + 0 0 0 a 
Yearling Hunter ... | 500 | 3485 | 123 | | 492 | 0 | 0 
¥ — | ian | 0 | 612 0 0 8 6 0 | 186 0 
3-year-old _,, 25 — | 1216 | 32 0 0 0 0 | 80 0 | 320 0 
3-year-old _,, — 480 | 450 0 0 ff) 20 | 40 0 | 340 0 


| 
| 
| | | | | | 
— = less than 100 per gramme. + = less than | per gramme. 0 = absent. 
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VIIIB 
Showing the effect of a dose of 30 grammes of phenothiazine on strongyloid worms in horses 
& Egg Count Before Treatment. Egg Count 2 to 4 Weeks After Treatment. 
3 
2 g 
Thoroughbred Foal... 30 200 400 400 0 0 0 0 0 0 0 0 8 
» 500 300 300 | 0 0 0 0 0 | 0 0 | 33 
” 1,600 0 0 0 ll 3 0 0 
4-year-old 
Thoroughbred _ — 252 24 0 0 24 0 3 0 0 0. 3 
2-year-old > een =f — 495 0 0 5 0 0 0 0 0 + + 
2-year-old ~ i — 384 12 0 4 0 0 + 0 0 + 0 
Yearling... a 100 640 0 0 | 144 16 2 0 0 0 0 0 
Thoroughbred a — 720 32 0 48 0 0 0 0 0 0 8 
” = 200 1,581 85 0 34 0 300 0 0 0 0 0 
” » 300 990 33 0 77 0 0 0 0 0 0 0 
” ” —_ 344 28 0 2 0 0 0 0 0 0 0 
” * —_ 156 87 0 36 21 0 0 0 0 0 1 
” “ —_— 920 0 0 70 10 0 0 0 0 0 2 
” ” _— 640 0 0 160 0 0 0 0 0 0 m2 
” v _— 700 0 0 0 0 0 0 0 0 0 0 
” Pa — 192 4 0 2 2 0 0 0 0 0 5 


— = less than 100 per gramme. 


+ = less than 100 per gramme. 


TasBLe VIIIc 


0 = absent. 


‘d worms in horses 


Showing the effect of doses of 50 and 60 grammes of phenothiazine on strongyloi 


Particulars of 
Horse. 


| 


i 
_, Egg Count 2 to 4 Weeks After ‘Treatment. 


4-year-old 
Thoroughbred 


7-year-old 


Cart colt 
Thoroughbred barren 
mare 


-year-old 
Thoroughbred 
4-year-old 
1!-year-old 
»-year-old 
‘-year-old 
Thoroughbred 


Debilitated hunter 


& Egg Count Before Treatment. 

| | 

J 

i... 

50 — 500 0 0 0 0 0 + 0 0 + 0 
a — | 1,598 | 34 0 68 0 0 0 0 0 4 0 
60 — 500 0 0 0 0 0 1 0 0 | 0 0 
Z — 800 0 0 0 0 0 0 0 0 0 0 
546 | 112 o | 21 | 0 0 1 0 0 6 

pn 

r — 95 2 0 0 3 0 0 0 0 0 0 
— 700 0 0 0 0 | 0 0 0 0 0 0 

. — 8 0 0 0 0 0 0 0 0 0 0 
ei < 465 | 35 0 0 0 0 0 0 0 0 0 
c we 776 8 0 0 |. 16 0 0 0 0 0 | 200 
' — | 1,064 | 84 o | 28 0 0 | 0 0 0 0 7 
Ps — | 1,920 | 336 0 | 144 0 0 0 0 0 0 8 
: = 882 0 0 9 0 0 0 0 0 0 0 
z _ 837 9 0 54 0 0 0 6 0 0 0 
‘ — | 1,425 0 0 75 0 0 0 1 0 5 0 
is — 980 0 0 20 0 0 0 0 0 0 2 
: _ 990 0 0 10 0 0 0 0 0 0 0 
é —_ 207 | 48 3 39 3 0 0 0 0 0 2 
‘ — | 1,092 | 60 0 | 48 0 0 0 0 0 0 0 
mY — 972 | 228 0 0 0 0 + 0 0 0 0 
— |. 1,805 | 95 0 0 0 0 0 0 0 
\ — 658 | 42 0 0 0 0 0 0 0 0 - 
.; ~ 282 | 12 0 0 6 0 0 0 0 0 4 
178 | 14 0 0 0 0 0 0 0 0 

| 


— = less than 100 per gramme. 


+ = less than 1 per gramme. 


0 = absent. 


| 
| 
| 
” ” 
” ” 
” ” 
” ee 
” eee 
” ” tee 
” wee 
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Tasie IX 
Showing the effect of small doses of phenothiazine in preventing the development of third-stage larvae in the faeces of goats 
Goat 388. Goat 389. Goat 414. 
Dose of 
Date. Phenothiazine Eggs Larvae Eggs Larvae Eggs Larvae 
in Grammes. | per Gramme perGramme  perGramme perGramme per Gramme per Gramme 
; of Faeces. of Faeces. | of Faeces. of Faeces. of Faeces. of Faeces. 

| 

7.3.40 0-25 
8.3.40 1,500 0 | 200 0 500 0 
9.3.40 2'400 il 300 0 600 25 
11.32.40 0-75 2,600 54 | 300 9 400 81 
12.3.40 1,300 0 0 0 300 0 
13.3.40 1-0 2,800 2 400 6 $00 96 
14.3.40 1,400 0 500 0 300 0 
15.3.40 1-25 1,200 7 200 0 300 0 
16.3.40 1,000 0 500 0 400 0 
18.3.40 1-5 1,700 34 500 19 | 400 87 
19.3.40 700 0 200 0 | 100 0 
20.3.40 1-75 1,100 0 200 0 300 0 
21.3.40 500 0 400 0 500 0 
25.3.40 500 2 400 0 200 0 
26.3.40 500 86 200 130 | 300 144 
27.3.40 600 51 | 100 19 400 140 
28.3.40 700 170 300 112 700 92 
1.4.40 800 124 400 132 600 204 

TABLE X 


Showing the effect on the development of larvae of a mixture of | per cent. of phenothiazine in the faeces added at various 
stages during the culture period ; 


Number of Tricho- 
strongyloid Larvae 
Recovered 23.12.39. 


Date when | per cent. 
Phenothiazine was Mixed 
with Cultures made 15.12.39. 


Number of Tricho- 
strongyloid Larvae 
Recovered 23.12.39. 


Date when | per cent. 
Phenothiazine was Mixed 
with Cultures made 15.12.39. 


| 
| 


15.12.39 0 19.12.39 30,640 
16.12.39 2 20.12.39 53,200 
18.12.39 5,680 Control 88,000 


eggs and preinfective larval stages of strongyloid worms 
in faeces, operating down to a dilution of about 
one part of the drug in 8,000 parts of faeces. (It 
was interesting to note, however, that Muellerius 
larvae were quite unaffected.) Knipling (1938) 
obtained similar results in his observations on 
the control of the hornfly in cattle when he found 
that the phenothiazine passing through the intestine 
of cattle for three days after dosing was sufficient to 
inhibit the development of hornfly larvae in the faeces. 

These observations are suggestive of an extremely 
potent action of this drug since the actual amount in 
solution must be very small indeed, and it is surprising 
to find that rather large doses are requisite for full 
anthelmintic action. Swales (1939) considered it 
necessary to give 20 or 30 grammes to a sheep and 
Swanson et al. (1940) gave up to 30 grammes to a pig. 
Although our observations indicate the adequacy of a 
smaller dose it is nevertheless much greater than the tests 
in vitro would seem to indicate. Our results suggest that 
a dose of 5 grammes produces a good anthelmintic 
effect in sheep, and that 10 grammes approaches to the 
maximum anthelmintic effect. Ten grammes to a 
horse was clearly inadequate but 20 grammes, in some 
instances, proved to be 100 per cent. efficient, although 
in others its action was much less marked : 30 grammes 


however produced the maximum result in almost every 
instance and it may be concluded from our results that 


‘for ordinary purposes, 10 grammes (0-3 grammes per 


kilo) is adequate for a sheep and 30 grammes (0-()6 
grammes per kilo) for a horse. ; 

An interesting observation in connection with 
dosage was made at the Zoological Gardens, London, 
by G. M. Vevers who, in a private communication, 
reported the expulsion of large numbers of Enterobius 
from a gorilla as the result of the administration of only 
0-5 grammes of phenothiazine. 

There is, therefore, seen to be something unusual 
about the anthelmintic action of this drug in that the 
dose generally required, having regard to the insolubility 
of the drug, seems to be unnecessarily large. In an 
endeavour to explain this peculiarity we considered the 
possibility of the formation within the animal body, «f 
some second substance, of much greater anthelmint'c 
potency than thaf of phenothiazine, and for this 


_ purpose we administered 30 grammes to one goa’, 


collected the faeces on the second day afterwards an! 
administered 30 grammes of the phenothiazin: - 
containing faeces to.a second goat heavily infected wi! 
parasitic worms. A filtrate of a watery solution «f 
another 30 grammes of the same faeces was admini:- 
tered to a third goat, also heavily infected with parasi' c 
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worms. Observations on the egg output of the two 
goats that received the ‘‘ medicated” faeces failed, 
however, to reveal any effect on the parasitic worms. 

Following this observation we carried out two trials 
with oxidation products of phenothiazine produced 
within the animal body. The first of these was thionol* 
which is the red dye that causes the red coloration of 
the urine in animals treated with phenothiazine and is 
the oxidation product of leucothionol which, after 
exposure of small portions of tissue to the air, is seen 
t» be present in almost every part of the body of an 
animal that has received a large dose of phenothiazine. 
‘hese substances form the reversible oxidation- 
reduction system thionol—leucothionol, similar to that 
of methylene blue—leucomethylene blue, well known 
to workers on clean milk. The second substance was 
phenothiazone which according to Gersdorff and 
Claborn (1938) is extremely toxic to goldfish. 

Both of these substances were tested in doses of 
(25 grammes and 2 grammes in goats heavily infected 
with parasitic worms but without producing any 
anthelmintic effect whatsoever. 

Nothing, therefore, was done to elucidate the reason 
for the necessity of giving much more phenothiazine 
than is required to produce a saturated solution in the 
contents of the intestinal tract in order to produce 
anthelmintic action, but it seems not unlikely that some 
factor of importance for the understanding of the action 
of phenothiazine, and, possibly for the understanding 
of anthelmintic action in general, lies hidden in this 
one particular problem. 


SPECIFICITY OF ANTHELMINTIC ACTION. 


Our own results show that phenothiazine is par- 
ticularly lethal to strongyloid worms,{ its most pro- 
nounced and certain action being exerted on those in 
the large intestine of the horse, where, in adequate 
dosage, it can be relied upon to eradicate all of the 
adult forms. The species of Strongylus, however, 
appear to be slightly more resistant than are the smaller 
“ red-worms,” S. vulgaris being the most resistant 
of all. 

Second only in efficiency is its action on the tricho- 
strongylid worms in the fourth stomach of sheep 
where, in adequate dosage, it has proved to be 100 per 
cent. efficient on several occasions ; this high efficiency 
is, however, less reliable than on the red-worms in 
horses. Species of Ostertagia respond particularly 
well, Haemonchus appears to be less sensitive and 
Trichostrongylus and Cooperia occupy an intermediate 
position in this respect. 

One interesting point which came to our notice was 
the very good action of the drug on Trichostrongylus 
_ axei in the fourth stomach of sheep—100 per cent. 
frequently being removed—and its comparative lack 
of action on the same species when present in the 
stomach of the horse. 


“The thionol and phenothiazone was kindly prepared for our use by 
as — of the Imperial Chemical Industries Laboratories at 
ackley 


‘The theory on which we are working’ at the present time is that it 
is necessary to maintain a saturated or nearly saturated solution 
of phenothiazine in the intestine for some considerable time in 
order to secure anthelmintic action and that to insure against the 
exhaustion of the reservoir of phenothiazine in the rumen, iB in 
the large intestine (in equines) it is necessary to give a large dose 
In vitro observations appear to support this view. 


-An interesting exception has been mentioned by Manson-Bahr, who, 
in a private communication, reported having found a> 
be relatively ineffective against very 

ive against some other worms in 


The action of the drug on worms in the small 
intestine of sheep is less pronounced than on those in 
the fourth stomach but.is, nevertheless, better than. 
that of any previously known anthelmintic. Apart 
from Moniezia, on which there is no action, Nemato- 
dirus appears to be the most resistant, but other species © 
of trichostrongylid parasites in the small intestine may 
be regarded as giving a satisfactory response. 

The results clearly show that there is no action upon 
Fasciola, nor upon Anoplocephala. 

Action on ascarids is interesting in that it appears to 
be very good in the horse, moderately good in the pig 
and almost completely lacking in the dog, as shown by 
Montgomerie’s results. This comparative response of 
ascarids to phenothiazine in these three kinds of hosts 
differs from their response to carbon tetrachloride as 
reported by Hall who found this drug to be more 
efficient against Toxocara and Toxascaris in the dog 
than against Ascaris in the horse. 


ANTHELMINTIC EFFECT ON THE Host. 


The beneficial effect of treatment with phenothiazine 
has been very clearly demonstrated in some of the 
weighing experiments in which great gains have been 
observed as a result of the anthelmintic action of the 
drug. The most striking is described in experiment 3 
in which one 20 gramme dose to each of a group of 
lambs resulted in the production of 336 lb. of mutton. 

Observations carried out by McEwen and Taylor 
(to be reported later) and by McEwen alone on the 
Romney Marshes show significant gains in pheno- 
thiazine-treated sheep, over and above gains made by 
similar sheep treated with a mixture of nicotine sulphate 
and copper sulphate. A difference of 9 Ib. per head 
among a group of 27 lambs was noted in one instance. 

The results obtained by J. W. Ironside and K. D. 
Downham (reported in this paper) in lightly infected 
flocks are also interesting, showing a slight gain in 
favour of the treated groups. The trials were, however, 
not sufficiently extensive to establish this point and the 
result obtained by S. J. Menzies (also reported here) 
in comparing phenothiazine with copper sulphate 
suggests that the effect of copper sulphate may be 
equally good in instances of slight infestation. On 
account of the inadequacy of data, however, this point 
cannot be regarded as certain. 

Very good results have been observed wherever it 
has been tried in horses. 

The effect in goats and in cattle has also been very 
good, apart from the toxic action that has been observed 
in some instances. 


‘TOLERANCE AND Toxic ACTION. 


Domestic- animals in general appear to be extra- 
ordinarily tolerant to this drug and there is usually 
found to be an enormous difference between the 
anthelmintic dose and the toxic dose. Two sheep and 
one goat were actually dosed with 80 times an effective 
anthelmintic dose without any signs of intoxication 
being produced. Horses appear to be only slightly less 
tolerant, Lapage, as reported in this symposium, 
having given as much as 500 grammes without pro- 
ducing marked symptoms, and a repeat dose of the 
same amount without causing a fatal intoxication ; 
further data given by him, however, strongly suggest 
that 1,000 grammes produced a fatal result, although 
lesions found on post-mortem examination suggested 
that other pathological conditions may have been 


646 No: 36. Vor. 52. 


THE VE TERINARY RECORD. 


September 7th, 1940. 


involved in the cause of death. Cattle, on the other 
hand, appear te be more sensitive to the toxic action 
of phenothiazine, 85 grammes having produced a fatal 
intoxication in a 105 Ib. calf. The observations that 
we-have been able to make concerning the use of the 
drug in cattle are few, but even in these animals the 
difference between the anthelmintic and the toxic dose 
appears to. be considerably greater than it is with most, 
if‘not all other efficient anthelmintics. 


Our observations have, however, revealed evidence 
of individual idiosyncrasy, or possibly of some special 
susceptibility associated with diet, so that we cannot 
yet write with certainty on the general safety of the 
larger doses. Our experience with goats provides an 
example of this point in that doses of 20 grammes and 
30 grammes produced decided symptoms of intoxica- 
tién at one time (shortly after the arrival of the animals 
at the Laboratory) and at a later date amounts as 
great as 400 grammes failed to produce any signs of 
even the slightest indisposition. 


Some evidence of this occasional intoxication has 
also been seen in horses, slight constitutional disturb- 
ance having been shown on a few occasions, in the form 
of dullness and inappetence lasting for about 24 hours 
after the administration of the dose. 


Observations made to determine the toxic dose in 
rabbits showed that a single dose of 6 grammes causes 
more or less marked constitutional disturbance and 
that 10 grammes is fatal, representing a toxic nan of 
4 grammes per kilo. 

. The effect of repeated daily doses proved to be more 
marked ; one rabbit died after only four consecutive 
daily doses of 2 grammes, anot’r after seven daily 
doses of 5 grammes, a third after 17 daily doses of 
1 .gramme and a fourth was still surviving and showed 
little sign of intoxication after 28 daily doses of 
0:5 grammes. The toxic repeated daily dose is therefore 
seen to lie somewhere between 0-05 and 0-1 gramme 
per kilo. 

The principal lesion seen on post-mortem examination 
was that of acute gastritis, the condition being less 
acute, and progressing to ulceration confined to the 
pyloric end of the stomach, in the lower doses. In one 
or two instances, the small intestine was slightly 
inflamed, the liver sometimes showed signs of fatty 
degeneration, and the kidneys were sometimes pale 
in colour and enlarged.* 


_Further evidence of the greater toxicity of the. 
repeated small doses over one large one was also 
obtained in experiment No. 8 in which daily doses of 
only 10 grammes killed one sheep and caused a rela- 
tively severe constitutional disturbance in a second one. 
A similar result was obtained by Lapage (reported 
elsewhere in this symposium) who found repeated 
doses of comparatively small amounts of pheno- 
thiazine to be markedly toxic for pigs. Manson-Bahr, 
im a private communication to us, has reported that 
ne toxic symptoms were noted in a human patient 
after a thrice-repeated daily dose of 8. grammes, the 
anthelmintic effect of which was very: bei t 


‘We hve not yet had the opportunity of examining this and other 
material microscopically idy et ~, (1937), however, failed to 
, find ‘any injury to tissue after 295 consecutive daily doses to rats 
although the rats became stunted if the dose was sufficiently high. 


$Masison-Bahr ave single doses of 30-40 grammes without ill effect 
except in one er when a 40-gramme dove produced sickness 


_ zine will be generally employed. 


ADMINISTRATION AND DOSAGE. 


One great advantage of this drug is its patina: 
tastelessness, so that animals will take it voluntarily. 
mixed with the food, a point which is of particular 
importance in the treatment of the horse and is likely 
to add considerably to the extent to which phenothia- 
Although thc 
suspicions of a well-fed animal, on being presented 
with a medicated feed, may be aroused to such an 
extent that he will refuse it, a fast of a few hours 
duration usually overcomes the disinclination and the 
feed, which should be made as tempting as possible, is 
taken without further difficulty. 

This method may also be employed in pigs, although 
Lapage points out elsewhere in this symposium that 
by mixing the drug with the pigs’ food certain members 
of a group, which are more hungry, or less sensitive 
to the slight taste of phenothiazine, may get much more 
than the calculated dose and their companions much 
less. The method may also be used in the treatment 
of sheep, and the occasional medication of dry feed 
in this way is one of the possibilities for carrying out 
periodic dosing that is worthy of serious consideration. 
The results of experiment No. 8 suggest that a dose 
of 2 grammes may be adequate for this purpose, 
although 5 grammes is better. 

During the early part of our work it was feared that 
the bulky nature of phenothiazine, and the large size 
of the dose that was thought to be necessary would 
have a serious reaction on its general usefulness in 
sheep. In co-operation with Imperial Chemical 
Industries, however, two preparations have been made, 
a suspension containing about 40 per cent. by weight 
of phenothiazine, and a tablet, containing 5 grammes 
of phenothiazine along with a little excipient and a 
substance that brings about the rapid disintegration of 
the mass when placed in water, these have proved 
very good indeed. 

Every opportunity has been taken to have the two 
methods of administration (in liquid and in tablet 
form) tried out by various people who have been using 
the drug in sheep, and opinion on their relative merits 
has been almost equally divided. The tablets are given 
by means of a rubber-ended balling gun and in our 
experience are to be preferred over the administration 
of a liquid where the dose to be administered is not 
a large ore. On one occasion we were able to 
give a dose of 10 grammes (two tablets) to each of 
120 lambs in only 45 minutes, without undue haste. 
Taking into consideration the greater safety of the 
tablet over the liquid method we are of the opinion 
that the tablet method is the better, although on 
account of the necessity of using a special balling gun 
the liquid may prove the more generally useful pre- 
paration. 

Cattle can easily be treated by the administration of 
a liquid or of a draught made from tablets allowed to 
disintegrate in water or gruel. 


GENERAL USEFULNESS. 


The general advantages of this new anthelmintic may 
be listed as follows : (1) very high efficiency for certair 
parasites, (2) remarkable lack of toxicity, (3) lack o! 
taste, (4) cheapness, (5) no previous preparation bein:: 
required, (6) no subsequent purgation required. 
Against advantages the following two disadvantage: 
only can be set: (1) its bulky nature, and (2) the 
appearance of the red dye thionol in the urine for some 
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three days after the administration of phenothiazine.* 

The production of thionol in the urine is the, only 
one of these points that calls for mention here, the 
others having been dealt with. It is, of course, always 
advisable to warn the owner of:the treated animals 
bout the appearance of this dye in the urine as it may 
easily be mistaken for blood and cause alarm where the 
\arning has not been given ; apart from this, however, 
the consequent staining of the wool may be regarded 
by sheep farmers as a distinct drawback to the general 
use of phenothiazine, as thionol is a very fast dye and 
‘he stain is likely to remain on the wool for some time. 
.\s yet no suggestions have been made as to how this 
objection may be overcome. 

There seems to be little doubt that phenothiazine 
will come into general use for the control of parasitic 
gastritis in sheep for which it has considerable 
advantages over any other known anthelmintic ; 
and it is felt that further trials will establish its useful- 
ness for the same disease in cattle, in which animals 
parasitic gastritis is still without a satisfactory treat- 
ment. Australian and American workers have 
demonstrated its usefulness for the expulsion of 
oesophagostomes from sheep and some data collected 
by McEwen and Taylor but not published here, have 
shown a marked action on Chabertia. Its greatest use 
_ may, however, prove to be in the treatment of strongy- 
losis in equines, where it can be relied upon to exert 
a 100 per cent. efficiency. If the safety of this treat- 
ment is also taken into consideration there seems to 
be every reason for its frequent and regular employment 
in horses and it is by no means too extravagant to 
suppose that by regular dosings every two or three 
weeks it may prove possible to eradicate the infestation 
from certain environments, a procedure which could 
not previously have been contemplated with hope of 
success. 


Summary 


Phenothiazine is shown by the tests reported in this 
symposium, on some 150 horses, to be remarkably 
efficient against the strongyloid parasites in the large 
bowel of these animals, a dose of 30 to 40 grammes 
proving to have an absolute efficiency of 100 per cent. 
for adult worms. 

The ease of administration and the safety of the drug 
are such that the eradication of red-worms from well- 
managed studs now appears to be a possibility. 

Phenothiazine is also remarkably efficient against the 
stomach worms associated with parasitic gastritis in 
ruminants, as demonstrated by the several observations 
involving some 300 to 400 sheep, 70 to 80 goats and a 
dozen cattle. In the‘small intestine of these animals it 
is less efficient but removes about 80 per cent. of the 
trichostrongylid parasites there, with the exception of 
Nematodirus, on which it exerts very little action. 

There is no action against Fasciola nor against the 
enoplocephaline cestodes Moniezia and Anoplocephala. 

Ten grammes appears to be an adequate dose in 
sheep or goats although doses of 20 to 30 grammes are 
more likely to produce the maximum effect. 


Cattle respond well but are much less tolerant of the 


drug than are sheep or horses. 
Experiments on pigs and dogs have been few but it 
is 1s clear that although the drug acts well on ascarids in 


*The danger should also be kept in mind of the coloration of the 
carcase, and particularly the kidneys with thionol as the result of 
giving a large dose to lambs up to three days before slaughter. 


| 


Gorpon, 


the horse its action against these parasites is uncertain 
in the pig and is absent in the dog. 

The anthelmintic effect noted on sheep that have 
been more or less heavily infested with stomach worms 
has been extraordinarily good and, where comparisons 
have been made, has generally been superior to that 
of copper sulphate and nicotine sulphate. 

The tolerance of sheep and goats is very high, 
400 grammes causing no ill effect : horses withstand up 
to 17 times the anthelmintic dose. 

Some evidence of idiosyncrasy has been observed in 
that a group of goats showed some sensitivity to the 
drug on one occasion and on a later occasion proved to 
be very resistant to toxic action. 

Repeated small doses are considerably more toxic 
than are occasional larger doses, the minimum toxic 
single dose being about forty times as great as the 
minimum toxic dose when repeated daily. 

The tasteless character of phenothiazine is a great 
advantage in that horses will take it voluntarily in the 
food; pigs and sheep may also be dosed in this way. 
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EXPERIMENTS 
ON THE ANTHELMINTIC ACTION 
OF PHENOTHIAZINE 


GEOFFREY LAPAGE, M.aA., M.D., M.SCc., 


as INSTITUTE OF ANIMAL PATHOLOGY, 
UNIVERSITY OF CAMBRIDGE 


The experiments described below were begun in 
October, 1939, and formed part of the field trials which, 
as Dr. Taylor explains elsewhere in this symposium, 
were instituted by the Agricultural Research Council. 
They were planned with the advice and practical 
assistance of Professor Dalling, F. Blakemore, M.R.C.v.s. 
D.v.s.M., F. Day, F.R.c.v.s., and J. A. J. Venn, 
M.R.C.V.S., D.V.S.M. Professor Keilin, Director of the 
Molteno Institute, University of Cambridge, made the 
spectroscopic examinations of the blood of some of the 
horses. The egg and differential worm counts would 
not have been possible without the skilled help of 
H. E. Bowman. The phenothiazine used was supplied 
by the Agricultural Research Council and was therefore 
part of the stock which was also supplied to the other 
contributors to this symposium. Most of the con- 
tributors judged the effect of phenothiazine by egg 
counts and periodical weighings of the animals treated 
and the writer also followed this practice, except that he 
did a series of egg counts before the dose was given and 
took the average, in every instance, between the counts 
done on two different portions of the same sample of 
faeces, these two counts being done by different 
observers. These two counts on the same sample of 
faeces often differed very considerably, so that the pre- 
caution of taking the average of two was amply justified. 
It was unfortunately not possible to supplement the 
egg counts and weighings with autopsies, histological 
examinations of organs removed, especially of the 
kidney and the liver, and by examinations of the blood 
(although the blood of some of the horses was exam- 
ined), but these further examinations are being done 
on-animals being used for additional experiments now 
in progress. ‘lhe object of these additional experi- 
ments is to gather further information about (1) the 
relative efficiencies of copper sulphate alone, copper 
sulphate and nicotine, phenothiazine suspended in 
liquic s and tablets of phenothiazine ; (2) the effect of 
phenothiazine on the host; (3) the greater or less 
effect of phenothiazine on particular species of nema- 
todes. There is some evidence in the literature and in 
private communications to the writer, which suggests 
that phenothiazine acts most powerfully on nematodes 
living in the abomasum and in the lower parts of the 
bowel, and that it has less effect on nematodes living 
in the duodenum and the upper part of the small 
intestine. This evidence is not in any way conclusive, 
but it seems to the writer that this question should be 
investigated further. The study of it could well be 
combined with a study of (4) the effects, if any, of the 
environment of intestinal nematodes on phenothiazine 
and (5) the mode of action of phenothiazine, about 
which we know nothing at all. Taylor records in this 
symposium that phenothiazine, in amounts far too 
small to have any anthelmintic action in a host animal, 
will inhibit the development of eggs and early larvae, 
although they do not affect the infective larvae. Such 
in vitro observations suggest a direct action of the drug. 
On the other hand, there is evidence which suggests 


that the action of phenothiazine is more pronounced 
in ruminant hosts, in which the drug has to pass 
through the rumen and other oesophageal chambers 
of these animals, than it is in omnivorous hosts such 


as the pig and the dog. It is possible that the intestinal 


contents of ruminants allow the drug freer access to 
the nematodes than the pastier faeces of omnivora do, 
but other factors probably operate as well. Swanson, 
Harwood and Connelly (1940) (F. Amer. vet. med. Ass. 96. 
333-338) found that phenothiazine was as effective as 
oil of chenopodium for the removal of ascarids from 
mature pigs and suggest that the ascaricidal principle 
of phenothiazine may be “ activated by the substances 
excreted by those worms.” They thought it was more 
effective when the infestations were heavy than when 
they were lighter. On the other hand, Singer and 
Baker (1940) (Cornell Vet. 30. 375-382) found that 
phenothiazine was more effective against lighter 
nematode infestations of sheep than against heavier 
ones. Observations like these do, nevertheless, justify 
the question, which is also raised by other points in 
the literature : Is phenothiazine inactive as an anthel- 
mintic until it is chemically changed in the gut, so 
that its action is greater on species living in the lower 
part of the alimentary canal? There is urgent need 
for the investigation of this and collateral questions. 
Associated with them is the problem of why it is 
necessary, as all workers agree that it is, to give so 
much phenothiazine, in order to produce an adequate 
anthelmintic effect, that a great deal of it is passed 
out again in the faeces apparently unchanged. This 
is a waste that might be avoided if we knew how 
phenothiazine acts on a nematode ; we might then be 
able to use a modified form of it, or a derivative of it, 
which would be more potent and perhaps effective for 
all nematodes. 

TECHNIQUE.—Differential worm counts were made 
technique (1934.) (Vet. Rec. 14. 474- 

). 

Egg counts were done by taking 3 grammes of faeces 

from the animal, either with the finger, or as they were 

, and emulsifying these in 45 c.c. water; 
0-15 c.c. of this emulsion was then taken with a pipette 
and the eggs in this amount counted. Multiplication 
by 100 gave the number of eggs per gramme. 

Wherever possible two counts, made by different 
observers (Lapage and Bowman), were made from 
different portions of each sample of faeces and the 
average of these was taken. Frequently these two 
counts differed widely. Sometimes one was negative, 
while the others showed as many as 700 e.p.g. or there 
were variations as wide as 7,500 and 200 e.p.g. in 
different portions of the same sample of faeces. It 
was evident, therefore, that the average of the two 
counts did not accurately represent the egg conten‘ 
of the faecal samples, but this kind of error is common 
to all the egg counts made and will not surpris: 
helminthologists. In some experiments composite eg:: 
counts of mixed samples from individual animals wer. 
made, because it was not possible to do egg counts o:: 
each individual animal. Some of the disadvantages © 
composite egg counts are discussed below.., 

Swanson, Harwood and Connelly (1940) (¥. Ame: 
vet. med. Ass. 96. 333-338) who studied the actio: 
of phenothiazine on Ascaris in pigs, used two kind 
of phenothiazine, namely, “ conditioned” phenc - 
thiazine, containing a dispersal agent to render 
suitable for use as an _ insecticidal spray an 
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“ -ecrystallised phenothiazine, which was more 
etfective than the “conditioned” product. The 
writer is informed by Imperial Chemical Industries, 


who supplied to the Agricultural Research Council the © 


phenothiazine used by the writer, that their pheno- 
th:azine, being a distilled product, can be regarded as 
being as pure as the recrystallised product used 
b\ Swanson, Harwood and Connelly. 


SHEEP AND LAMBS 
1,—EXPERIMENT ON Two LAMBS AND ONE EWE 


These three animals were kept indoors and in the 
same box throughout the experiment. There was 
therefore the possibility that self- and cross-infestation 
could occur. Egg counts were done daily on all three 
animals for ten days before the phenothiazine was 
given and, with the exception of a few days, for three 
months after the dose. The ewe was not dosed and 
constituted a control. 

On 2.11.39 the two lambs, called Marked and 
Unmarked respectively, were dosed with the tablets 
of phenothiazine first issued by Imperial Chemical 
Industries, namely, the 1 gramme tablets, each con- 
taining 1 gramme phenothiazine, six of these being 
enclosed in each gelatine capsule. Each tablet also 
contained some phenolphthalein and also some tartaric 
acid and sodium bicarbonate, the two latter ingredients 
being included to ensure the breakdown of the tablet 
in the stomach. 

On 10.11.39 the Marked lamb, weighing 74 Ib., was 
given four capsules containing a total dose of 
24 grammes of phenothiazine (about 0-3 gramme 
per lb. body weight). On the same date the Unmarked 
lamb, weighing 89 Ib., was also given a total dose of 
24 grammes in four gelatine capsules (about 
0-27 gramme per lb. body weight). 

The effect of these doses on these two lambs was, 
in both cases, immediate. The day after the dose, the 
egg count of the Marked Lamb had dropped from a 
mean of 7,400 to a mean of 1,700. Three days after 
the dose the mean egg count was 200 e.p.g. and it 
remained at or near this figure until 56 days after the 
dose. An attempt was then made to remove the 
remaining few worms, which were producing a mean 
egg count at that time of about 200 e.p.g., by giving on 
5.1.40, 7 grammes phenothiazine in the form of the 
same tablets as those that had been given before, This 
did not lower the egg count. On 10,1,40 a further six 
tablets (6 grammes) were given, but the egg count was 
still not appreciably affected. On 18,1.40 and 19.1.40, 
12 and 13 days respectively after the second dose, 
successive doses of 6 grammes of the same tablets 
were given and the egg count dropped to a mean of 
190 e.p.g. Successive doses of 6 grammes of the 


‘same tablets were repeated on 25.1.40 and 26.1.40 and 


the egg count was negative for the next three days, 
showing a mean of 100 e.p.g. again on the fourth day. 
‘lhree successive daily doses of 6 grammes of the same 
tablets were then given on 31.1.40, 1.2.40 and 2.2.40 
hut, with the exception of a negative egg count on the 
day after the last of these three doses, no lasting effect 
on the egg count was noted. No further doses were 
therefore given. The egg counts remained at a mean 
of 100 for a further 14 days after the last dose, when 
the egg counts 4vere discontinued. The animal was, 
however, kept in the box with the Unmarked Lamb 
until 8.4.40, On 7.4.40 and 8.4.40 its egg count was 


’ and 100 respectively. 


After the initial dose of 0-27 gramme per lb. body 


weight (24 grammes) its egg count dropped from a _ 


mean of 3,850 e.p.g. to a mean of 550 e.p.g. It 
remained slightly higher than that of the Marked Lamb. 
On 6.1.40, 57 days after the initial dose, an attempt to 
remove its remaining worms was made by giving it in 
water as a drench 9 grammes of phenothiazine powder. 
Two days after this dose the egg count had dropped 
from a mean of 500 e.p.g. to0. The next day (9.1.40) 
it had risen again to 50 e.p.g. and remained at this level 
till 15.1.40, when it was 200 e.p.g. On 17.1.40 it was 
350 e.p.g. On 19.1.40 and 20.1.40 two successive 
doses of 9 grammes each were given in the form of the 
1 gramme tablets in gelatine capsules. The day after 
the second of these doses the egg count was 0 and it 
remained so until 25.1.40. On this date and on 26.1.40, 
two further doses of 9 grammes of the same tablets 
were given and the egg count remained at 0 until 
31.1.40, when it was 100. On 31.1.40 and 1.2.40 and 
2.2.40, three successive doses of 9 grammes each of the 
same tablets were given. From 3.2.40 to 7.2.40 the 
egg count remained at 0, but was at 100 e.p.g. on 
7.2.40. It remained at this level until 16.2.40 when 
the egg counts were discontinued until 8.4.40 when the 


count was 0 again, although this lamb had been in the _ 
same box with the Marked Lamb, which still had a 


egg count of 50 to 100 e.p.g. ‘ 
The undosed ewe had a mean egg count on the first 


three days of the experiment of 1,350, 2,700 and 1,800. 


respectively, but by the fifth day it had fallen, without 
dosing, to 600 and thereafter fluctuated between 400 
and 800 e.p.g. until 7.12.39, when it was killed off by 
mistake. It did not therefore provide a very satisfac- 
tory control. The fall in its egg count without dosing 
is, however, a point to be noted, because this frequently 
happens in all kinds of animals and must be considered 
when the egg count is used as a criterion of the effect 
of any anthelmintic. 


The conclusion drawn from this experiment was 
that a dose of about 0:3 gramme per Ib. body weight 
removed most of the worms of a light infestation, but 
that a few remained, which it was difficult to remove 
with phenothiazine, perhaps because the animals were 


confined in a box and probably self- and cross-— 


infestation were occurring all the time. Animals;in 
the field would be subject to much heavier infestations 
after dosing, so that it would be even more difficult, if 
not impossible, to reduce their egg counts to 0 and to 
maintain it so. The reduction of the egg counts to 0 
for three or four days was not regarded as significant, 
because egg counts are notoriously fallible as evidence 
of the degree of an infestation. In any event, the 
failure to produce a negative egg count over long 
periods may carry with it the advantage that the 
retention of some worms by an animal helps to main- 
tain its resistance to further infestation. On the other 
hand, Gordon (1939) (Austral. Vet. #. 15. 118-120) 
has pointed out that in a sheep harbouring, say 8,000 
Haemonchus contortus, half of which may be females 
each producing 5,000 eggs per 24 hours, a 90 per cent. 
reduction of the worm burden still leaves 800 worms, 
400 of which can be calculated as being females, so that 
this sheep will still be voiding 2,000,000 eggs in 
24 hours—a considerable daily infestation of the 
pasture if it is multiplied by a number of sheep in-a 
flock. 


The history of the Unmarked Lamb was similar. . 


ih 
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Fert Initial Weight 
24.5,40 Before Weight Weight Weigh: 
A. Examination. of two lambs sent in to the = No, Doseof5Grammes 3.6.40, 24.6.40. 
Institute from a farm in Norfolk showed that one | Phenothiazine. 
contained 3,600. Ostertagia in the abomasum and 6,400 | 
Nematodirus in the intestine, and the other 35,000 23 “48 _ «58 64 71 
Ostertagia in the abomasum and no worms in the small. 
intestine. ‘This flock was regarded as suitable for 26 ©57 64 72 a2 
dosing and experiments. 27 (32) 37 38 44 
The owner agreed that 50 animals (ewes and lambs) 28 64 68 74 76 
should be dosed with phenothiazine and 50 with 29 53 60 65 69 
copper sulphate. (without nicotine) to compare the 30 63 69 74 17 
eects of these two anthelmintics, the the = 
fl being dosed with copper sulphate without 2 2 
nicotine. The two lots of 50 ewes and lambs (Groups 33 A rs ~ 85 
l’and 2) were all marked by clipping the ears and each $8 78 
animal was weighed separately on a weighbridge before 36 58 63 72 82 
the dose was given. A faecal sample was taken from 37 63 a 76 82 87 
the rectum of each animal when the dose was given 38 55 it 60 66 71 
and these samples were mixed to provide composite 4 39 45 53 58 61 
: samples for each of the two groups. Each of the lambs 40 59 66 72 76 
' and ewes in Group 1 was given 5 grammes of 41 48 56 i a 
+; phenothiazine in tablet form and each in Group 2 was 42 = po i 82 
given 2 oz. of a 1 per cent. solution of copper sulphate ‘“ sa = = 
without nicotine. On the 10th, 20th and 30th days =f 51 58 64 71 
after the dose each lamb was again weighed on the 46 55 62 64 70 
) same weighbridge and a faecal sample was taken from | 47— 47 57 56 70 
‘ the rectum of each to provide a composite egg count ‘|’ 48 55 68 73 79 
for each of the two groups. The average weight of 49 50 60 66 —Ct 70 
Group | was 53-8 Ib. and that of Group 2 54-8 Ib. 50 58 - 68 64 73 
For the first 20 days the animals were folded on = . 
sainfoin and during the first ten days only they all Group 2. Nos. 51-100. Weights stated in lb. Avoirdupois. 
received extra corn rations. For the final ten days 
they were moved from the sainfoin to tares, the sainfoin bores = nae Weight Weigh Wei 
having become by then so much woodier in the hot, of 1 3 6.40 13.6 40. 24 6. 
dry weather that the farmer considered this change “Copper Sulphate. 
advisable. : 
f The following tables show the individual weights of 51 58 66 75 82 
: the lambs, the total weights of each group and the egg — 52 77 93 95 100 
counts on the composite faecal samples from each 53 57 70 76 85 
54 53 60 66 75 
| 55 51 56 52 - 54 
| 56 50 54 56 64 
Group 1. Nos. 1-50. Weights stated in lb. Avoirdupois. ~ 
: 59 *53 63 68 76 
: Initial Weight , 60 42 50 55 65 
| 24.5.40 Before Weight Weight Weight. 61 63 64 70 77 
' No. Dose of 5Grammes 3.6.40. —13.6.40. 4.6.40. 62 70 84 90 91 
Phenothiazine. 63° 53 58 60 70 
64 22 28 30 36 
t 1 57 68 71 79 65 50 54 60 64 
' 2 48 56 64 67 66 66 72 79 84 
3 52 60 70 82 ' 67 76 85 92 101 
; 4 *53 57 62 71 68 50 56 66 73 
' 5 64 70 65 85 . 69 13 16 18 20 
] 6 65 74 73 | 86 70 *64 76 78 89 
7 63 74 so * 86 71 51 62 . 65 72 
8 31 34 38 ~ 46 72 46 50 57 61 
9 *60 67 69 77 73 *45 55 63 70 
10 49 56 62 65 74. 53 64 76 -82 
ll 60 66 72 80 | 96 49 58 63 65 
12 57 68 69 79 | + 50 57 “62 66 
13 *53 64 | 66 78 85 90... 
| 14 68 76 82 90 | 48 57 64 73 78° 
15 65 53 61 64 
| 16. 67 76 8 88 | -80 58 66 64 70 
17 *46 | 54 63 66 76 
46 | 63 70 bo 87 
r 22 27 36 40 47 86 *44 50 59 68 
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Initial Weight 


It has been suggested (Singer and Baker.. (1940.) 


Before Dose of Weight Weight Weight Cornell Vet, 30,. 375-382 and others) that Nematodirus 
No. 2 oz. of 1 per cent. 3.6.40. 13.6.40.  24.6.40. is one of the nematodes (Trichuris and Ancylostoma. 
; Copper Sulphate. p duodenale may be others) which are comparatively 
87 *50 58 66 72 little affected by phenothiazine, but the writer has as 
88 *50 58 65 71 yet seen no evidence in favour of this view. 
89 59 67 64 80 
90 73 86 90 96 B. Experiment A vas repeated on a group of ewes 
91 52 60 67 73 and lambs belonging to this Institute, but the egg 
92 56 66 73 82 counts on the composite faecal samples taken before 
93 51 56 64 67 dosing were low, so that little information was expected 
from this experiment about the relative efficiencies of 
96 61 70 76 87 phenothiazine and copper sulphate. Further, agci- 
97 54 60 60 63 dental obliteration of some of the markings prevented 
98 54 60 64 64 the keeping of an accurate record of the weight of 
99 76 88 96 100 individual animals. The two groups A and B were 
100 56 64 68 73 kept separate, grazing on different. fields about a mile 

II 


- vi 


Total Weights in lb, Avoirdupois 


Group 1. Nos. 1-50. 
Given 5 Grammes Phenothiazine. 


Group 2. Nos. 51-100. Sh 
Given 2 oz. of 1 per cent, Copper Sulphate. ° 


Total Weight. Increase. 


Eggs per Gramme 
Average of 2 Counts. 


Eggs per Gramme 


Total Weight. Increase. Average of 2 Counts. 


24.5.40 2,693 1,050 


2,708 2,150 


3,107 414 150 3,012 
Average 8-3 Averag> 6-08 
13.6.40 3,440 333 50 3,369 357 300 


Average 6-6 


Average 7:1 


3,642 302 100 
Average 6-04 


3,677 308 250 
Average 6-1 


It will be seen that the weight increases of individual 
lambs differed considerably, and that some of the 
animals at times lost a few pounds in the intervals of 
ten days. The main fact emerging from the experi- 
ment is that there was no significant difference in the 
progress of the weight increase in the two groups. 
The slight advantage on the 20th day in favour of the 
group given copper sulphate and its disappearance by 
the 30th day should be noted here, in view of the 
results of the next two experiments. 
argued that the dose of phenothiazine that was given 
was small, a normal therapeutic dose being 10 to 
30 grammes. Yet the egg count of Group 1 was 
reduced by this small dose in about the same proportion 
as the reduction of the higher egg count of Group 2 
by copper sulphate. It could equally well be argued 
that, in spite of the higher egg count of Group 2, 
about twice as high as that of Group 1, the copper 
sulphate enabled this group to maintain a weight 
‘ncrease equivalent to that of Group | given a small 
dose of phenothiazine. The experiment does not tell 
us whether, if the dose of phenothiazine had been 
higher, Group | would have shown a markedly greater 
increase of weight than that attained by Group 2. 
Another experiment, now in progress, may help to 
answer this question. Meanwhile, this experiment 
shows that even 5 grammes of phenothiazine has a 
significant effect on a comparatively heavy infestation 
with Haemonchus, Ostertagia and Nematodirus. 


It could be 


The following table (see next page) gives the relevant 
data about these animals. It shows that the weight in- 
crease during the 23 days following the dose was small. 
Some animals, like some of those in experiment A, lost 
afew pounds. Both copper sulphate and phenothiazine 
reduced the egg count of the ewes to 0, while the egg 
counts of the lambs were not appreciably affected by 
either anthelmintic. 

It will be seen that in this experiment, unsatisfactory 
though it was, there was, 23 days after the dose, a 
slight advantage in weight increase in favour of the 
group given copper sulphate. In experiment A there 
was a similar advantage, 20 days after the dose, in 
favour of the group given copper sulphate. By the 
30th day this had disappeared. In the experiment next 
to be described, the group given phenothiazine 
attained, by the 30th day, a total weight approaching 
twice that attained by the group given copper sulphate 
and nicotine. 

C. One hundred lambs, three to four months‘old, 
were included in this experiment. On 5.7.40 one lamb 
of this flock had been sent to the Institute for post- 
mortem examination. A worm count done on. it 


showed 2,100 Ostertagia in the abomasum and 50,000 
or more Nematodirus in the small intestine. Egg counts 
on the contents of the colon and rectum showed 
13,800 eggs of Nematodirus per gramme and 3,500 eggs 
per gramme of other nematodes, presumably Ostertagia. 
On 26.6.40 the 100 lambs were divided into Groups. 


= 
| 


~ 
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Taste III. 
Total Weight Composite Egg Count Total Weight on Composite Egg Count 
Before Dose Before Dose on . 20.6.40 on 20.6.40 Total 
on 27.5.40. 27.5.40. (23 days later). (23 days later). Gain. 
Group A. Given Copper Sulphate. (0 to 15 c.c. of 5 per cent. solution according to body weight) 
Ewes 2,092 Ib. 350 e.p.g- 2,186 Ib. 0 e.p.g. 94 Ib. 
Average 
Lambs 875 ,, 50 1,033 158 Ib. 
Average 
Group B. Given Phenothiazine Tablets (in the proportion ae about 0- L gramme per lb. body weight). 
Ewes 2,033 Ib. e.p.g. 2,094 | 0 e.p.g. 81 Ib. 
i Average 
Lambs 686 ,, 450 821 ,,. 135 Ib. 
Average 2-7 
‘1 and 2 of 50 lambs each. Each lamb of Group | was _is possible to introduce a considerable error into any 
given 5 grammes of phenothiazine in tablet form experiment involving the use of a weighbridge, unless 
(cf. experiment A); each lamb of Group 2 was given the position of thet animal on the platform of the 
5 to 8 c.c. (according to the size of the lamb) of a machine is always the same. Another possible source 
solution containing 10 per cent. of copper sulphate and of error in the weights is the normal variation in the 
10 per cent. of a solution containing 40 per cent. weight of each animal before or after a feed or access 
of nicotine sulphate. McEwen has informed the writer = to water; they should always be weighed at the same 
that he gave for his experiments reported elsewhere in time in the day. Further, when faecal samples are 
this symposium, 20 c.c. of a solution containing 5 per §—ibeing taken from each lamb, it is inevitable that 
cent. of copper sulphate and 5 per cent. of a solution different amounts of faeces will be taken from each, 
containing 40 per cent. nicotine alkaloid. His dose of _— either because the finger cannot take equal amounts 
copper sulphate and nicotine was thus rather more , from each, or because the second 50 lambs in a group 
than that given to the lambs used in this experiment. — of 100 will have been waiting longer and will often 
McEwen, however, gave much larger doses of pheno- have emptied the rectum before the sample is taken, 
thiazine in his experiments, giving 30 grammes toeach __ or because the faeces of some are looser than those of 
lamb in his experiment | and 10 grammes to each in others, so that the finger removes less and there are 
his experiments 2 and 3. _ - relatively fewer eggs in the amount of solid removed. 
Faecal samples were taken with the finger from the | When, therefore, all the samples are mixed to form a 
rectum of each lamb before it was dosed. ' composite sample on which an egg count is made, it 
The total weight of each group of lambs was ascer- may occur that the egg count is really done mostly on 
tained by weighing the lambs on a weighbridge. It the faeces of the first 50 of the group and mostly on 
was discovered that the weighbridge recorded a the best-formed faeces of these. It may therefore not 
difference of 4 to 6 lb. in the weight of each animal represent the average egg content of the faeces of 
according to whether it stood at one orotherend ofthe —_individual lambs. 
platform of the machine, while an intermediate weight _ On the 10th, 20th and 30th days after the doses were 
was recorded when it stood in the middle of the plat- —_—_ given, the lambs were again weighed and faecal samples 
form. This possible error was reduced to a possible = were taken. Throughout the experiment the lambs 
error of 2 lb. or so per lamb by inducing each lamb to —_— were grazing on grass with the rest of the flock and had 
stand at the same end of the platform while its weight | _—ino extra feed. The following table gives the relevant 
was being recorded. This experience showed that it _ facts about them. 
Taste IV. 
| 
Group | Group2 
_ Given 5 to 8 c.c. of a Solution Containing 10 per 
_ Given 5 Grammes Phenothiazine in Tablet Form. _ cent. of CuSO, and 10 per cent. of a Solution oll 
taining 40 per cent. Nicotine Sulphate. 
Eggs per Gramme | Eggs per Gramme 
Total Weight. Increase. Average of 2 Counts. | Total Weight. Increase. Average per 2 Count:. 
26,6.40 2,898 650 8,162 
(before the 
dose) 
5.7.40 3,367 200 3.837 675 550 
Average 9-38 Average 13-5 : 
Loss 
15.5.40 3,200 16? 200 3,464 st 873 400 
Average 3-3 Average 7-46 
Increase | Increase 
26.5.40 | 4,208 _ 1,008 350 | 3,980 516 400 
“Average. 20-16 | ; Average 10-3 
Total gain in ¥ é | Total gain in 
30 days 1,310 30 days 818. 
Average 26:2 Average 16: 
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No satisfactory explanation was found of the con- 
siderable loss of weight during the second ten days in 
both groups but especially in Group 2. It may have been 
p rtly an apparent loss due to the fact that the lambs 
y_re weighed on the first two occasions in the morn- 
irzg and on the second two occasions in the afternoon 
ai:d that in the afternoon they may have been emptier 
o grass and water and therefore weighed lighter than 
tl ey would have done in the morning. But this could 
h rdly have accounted for the whole of the loss of 
wight recorded, nor for the fact that the loss was twice 
a: much in the group given copper and nicotine. The 
main fact emerging from this experiment is, neverthe- 
less, that the total gain of weight in 30 days attained 
by the group given phenothiazine was substantially 
greater (approaching twice as much) than that of the 
group given copper sulphate and nicotine. This 
happened in spite of the fact that only a small dose of 
phenothiazine was given, namely 5 grammes, whereas 
10 to 30 grammes is a normal therapeutic dose. This 
experiment showed, therefore, that, although at the 
end of the first ten days the group given copper and 
nicotine (like the groups given copper sulphate only in 
experiments A and B) had gained more weight than 
the group given phenothiazine, by the end of 30 days 
the group given phenothiazine had done considerably 
better than the group given copper and nicotine, and 
a good deal better than the corresponding group in 
experiment A. This conclusion is supported by a 
comparison of the composite egg counts. The small 
dose of phenothiazine reduced this and kept it down 
at about the same level for 30 days, while copper and 
nicotine (a normal therapeutic dose) did not appre- 
ciably affect it. It may be noted here that Singer and 
Baker (1940. Cornell Vet. 30. 375-382) found that 
phenothiazine was more effective than copper sulphate 
and nicotine or tetrachlorethylene against nematode 
infestations of sheep. 

Further experiments are desirable to ascertain the 
accuracy of the impression given by this experiment 
(and to a lesser degree by experiment A also) that the 
effect of phenothiazine lasts much longer than that of 
copper and nicotine. If this should prove to be true, the 
other experiments on sheep and horses, described in this 
paper, will have an additional interest because they show 
that egg counts reduced by phenothiazine do not 
necessarily rise again for many weeks, although the 
animals are out at grass and are presumably being 
continuously re-infested. ‘ 


GOATS 

So far only one goat has been available. This was 
@ goat weighing 624 lb., belonging to a member of the 
staff of the Imperial Chemical Industries, Manchester. 
Samples of its faeces were sent by Dr. J. R. M. Innes, 
who subsequently dosed it with 10 grammes of pheno- 
thiazine without toxic effect. Before the dose was 
given the faeces showed an egg count of 3,650 eggs per 


_ gramme (average of two counts). 


A sample of faeces collected 24 hours after the dose 
showed an egg count of 100 (average of two counts). 
Yourteen days and eighteen days after the dose the egg 
count was still 100 e.p.g. and 18 days after the dose it 
vas 50 e.p.g. (average of 2 counts). Further samples 
of faeces will be examined to find out whether the egg 
count, like that of the lambs and ewes described above, 
‘vill remain at this low figure for a considerable time. 

Attempts to Kill the Ciliates in the Rumen of Sheep . 

with Phenothiazine 

On 22.4.40 counts were begun of the ciliates in the 


rumen of a sheep with a fistula into the rumen. The 
fistula had been made by Mr. Phillipson, of this 
Institute, some weeks previously and the sheep was in. 
good bodily condition, weighing 258 Ib. 

The number of ciliates present was estimated only 
roughly because it was difficult to count organisms so 
active as these. The method was to withdraw 2 c.c. 
of rumen contents, mix it with 98 c.c. water and 
remove 0-1 c.c. with a pipette. This was diluted with 
an equal quantity of Lugol’s iodine, which killed the 
ciliates. The ciliates were then counted with the aid 
of an eye-piece in which hairs crossed at right angles 
were fixed to divide the field into four parts. The 
number counted was multiplied by 500 to give the 
number of ciliates per c.c. After the dose of pheno- 
thiazine, the ciliates already dead were first counted 
in the drop. The iodine was then added to kill the 
rest, and the number of ciliates was counted again, so 
that the number alive and presumably not affected 
by phenothiazine could be estimated. Egg counts were 
also done, but not more than an average of 50 e.p.g. 
were found so that the anthelmintic effect of the 
phenothiazine was ignored. 


The daily ciliate counts were :— 


22.4.40 576,266 27.4.40 570,000 
23.4.40 484,132° 28.4.40 - Not done 
24.4.40 1,463,066 29.4.40 1,013,000 | 
25.4.40 543,000 30.4.40 574,500 


26.4.40 448,000 


On 30.4.40 four gelatine capsules, containing six tab- 
lets each containing | gramme of phenothiazine—a total 
dose of 24 grammes of phenothiazine—were placed in 
the rumen through the fistula opening. The sheep 
thus received a dose of about 0-09 gramme per Ib. body 
weight. Six hours later it was passing red urine. The 
gelatine of a capsule put into rumen contents in a flask 
on the previous day and incubated at 38°C. was 
dissolved in half an hour, and the phenothiazine was 
set free. It was therefore reasonable to assume that 
five and a half hours after the phenothiazine became 
free in the rumen the animal was passing thionol in 
the urine. 

Ciliates were counted in samples of rumen contents 
taken one, four and twelve hours respectively after 
the capsules were administered, but no appreciable 
decrease in the living ciliates was noted. No toxic 
effects whatsoever were observed in this sheep. The 
conclusion was therefore that a dose of 0:09 gramme 
of phenothiazine per lb, body weight directly intro- 
duced into the rumen through a fistula did not have 
any appreciable effect on the ciliates of the rumen. 


CALVES 


Only one series of calves has been treated. All the 
calves were about six months old, but their egg counts 
were not high. They were all dosed at the farm, no 
change being made in the conditions under which they 
were kept there. They were all given the first pheno- 
thiazine dispersion issued by Imperial Chemical 
Industries. The table (overleaf) shows the results, and 
it will be seen that the egg counts of all those which 
were dosed, except No. 6, were reduced by the dose 
to 0, but the egg counts of the controls were also very 
low, so that this result is inconclusive. ‘The.results 
obtained with the marked and unmarked lamb 
(recorded above) show that it is unlikely that the egg. 
count reduced to 0 would have continued at 0 for very 
long and that it would probably have been very difficult 
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TABLE V. 
Kept in a Barn. Kept Outside in a Compound on Straw. 
Date. 
No. I. No.4 No. 5. No. 6. No. 7 No.8 No.9 No.1) 
Contr. Contr. Contr. Contr. 
20.10.39 500 © No faeces _ 300 200 100 400 200 100 
21.10.39 | 
22.10.39 
23.10.39 600 100 0 150 100 200 200 500 
Given Given Given Given 
100 grammes _ 125 grammes 100 grammes 80 grammes 
Phenothiazine | Phenothiazine Phenothiazine Phenothiazine 
24.10.39 
25.10.39 
26.10.39 100 200 100 No faeces 100 200 0 500 
27.10.39 
28.10.39 
29.10.39 | 
30.10.39 
31.10.39 0 50 50 250 0 50 200 150 
1.11.39 | 
2.11.39 0 > 100 0 100 0 100 0 400 
6.11.39 0 3 0 | 0 50 v 100 50 400 


to keep the egg count at 0. It is likely that 50 to 200 
€.peg. would have remained even after repeated doses. 
The chief value of this experiment was that it showed 
that no toxic effects were observed in calves six 
months old when doses of 80 to 125 grammes of 
phenothiazine were given. 


HORSES 

Pontes DRENCHED WITH PHENOTHIAZINE.—Three 
Shetland ponies and one New Forest pony were 
offered for experiment’ by Dr. Hammond of the 
University of Cambridge School of Agriculture. All 
these animals were grazing and were kept in the field 
during the experiment. They ranged in age from 
three to five years, but the weight of only one was 
ascertainable at 664 lb.. Two were kept as controls and 
two were given 80 grammes and 60 grammes respec- 
tively of the first phenothiazine dispersion issued by 
Imperial Chemical Industries. This corresponded to 
a dose of about 0-1 gramme per Ib. body weight. No 
toxic effects were observed, but the day after the dose 
red urine was passed and the mucosae of the eyes, nose 
and mouth took on a bronze coloration which gradually 
waned until it had disappeared four to five days after 
the dose. It was no doubt due to thionol in the blood. 

The egg counts were reduced immediately, dropping 
from the region of 1,000 to 1,500 until, three days after 
the dose, they were negative. They remained negative 
until the ninth day after the dose, when the egg counts 
were discontinued. After the dose many dead ciliates 
were found in the faeces. This suggests that pheno- 
thiazine kills ciliates which live, as those of the horse, 
do, in the caecum and colon, although the introduction 
of phenothiazine directly into the rumen contents of 
a sheep had had no effect on the ciliates there (as 
recorded above). This is a detail which supports the; 
view expressed by other workers that phenothiazine 
has more effect on parasites which live in the caecum 
and colon, a view which suggests that phenothiazine 
cannot act immediately, but requires time to undergo 
some change before its toxic actionyon nematodes is 
exerted. 

Horsts DosED- WITH PHENOTHIAZINE POWDER IN 


- BRAN’ AND TREAGLE.—(1) A longer series of observa- 
tions was made on a New Forest pony. -weighing 


714 lb., belonging to this Institute. This pony wa- 
out at grass throughout the observations and was given 
60 grammes of phenothiazine in bran and treacle. The 
phenothiazine powder now available was not being 
made when this experiment was done, but 60 tablets, 
each containing | gramme of phenothiazine, were 
broken up and mixed with the bran and treacle. The 
egg count showed only strongyle eggs, and although 
the egg count was not very high, the mean of two daily 
counts ranging from 350 to 1,150, it had become 0 on 
the third day after the dose. Egg counts were con- 
tinued every two or three days and, although the pony 
was out at grass, they remained negative until the 4/st 
day after the dose, when 150 e.p.g. were present. On 
the 44th day after the dose 250 e.p.g. were found, and 
on the 48th day 100 e.p.g. The pony was therefore 
then acquiring a slight reinfestation. No toxic effects 
whatever were observed in this animal. It grazed on 
the same pastures until 24.6.40, when the average of 
two egg counts was 400. A further infestation was 
thus being established then. 

(2) Thoroughbred 3 was given 40 grammes of pheno- 
thiazine powder, prepared in a similar way, a dose of 
about 0-2 gramme per Ib. body weight, in bran and 
treacle with asimilar result. The mean of two daily egg 
counts on this horse ranged from 150 to 800 for a 
period of 23 days before the dose. This horse was 
kept indoors in a box throughout the observation. 
The day after the dose, its mucosae were bronzed, but 
were practically normal again in four days and qu'te 
normal seven days after the dose. The blood of this 
horse was examined spectroscopically on the first and 
second days after the dose, but nothing abnormal w as 
found in it. No toxic effects were observed. ‘The «zg 
count became negative on the s2cond day after ‘1¢ 
dose and remained so until the eleventh day after ‘1¢ 
dose when the experiment was discontinued. 


THOROUGHBREDS GIVEN PHENOTHIAZINE, POWDER |N 
Water By STOMACH TuBE TO TEST ITs TOxICIT’ 
Thoroughbred 2.—This mare, two years old, 952 'b. 

in weight, was given 500 grammes of phenothiaz:1¢ 

powder obtained by crushing up in water tablets each 
of which contained 1 gramme of phenothiazine. ‘1 1¢ 
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suspension. was given through a stomach tube. The 
object of this very large dose, amounting to rather more 
than 0-5 gramme per lb. body weight, was to test the 
toxicity of the drug. There were so few eggs in the 
fa-ces that this animal was not suitable for observation 
of the anthelmintic efficiency of the drug. On the day 
after the dose the animal was off its food and was 
pessing red urine. The mucosae were bronzed and 
there were petechial haemorrhages in the vulva around 
the vestibule, possibly due to irritation by the urine. 
On the second day after the dose, the animal was 
normal again and remained so until the fourth day 
after the dose, when the mucosae were practically 
normal in colour. The animal had evidently suffered 
no serious ill-effects from this large dose. 

Forty-nine days after this large dose, a second dose 
of 500 grammes was given, also by stomach tube. 
This time the phenothiazine powder that had just been 
introduced by Imperial Chemical Industries was used 
in water. This large dose was given in the morning. 
At 3 p.m. the same day the animal was uneasy, showed 
evidence of intestinal discomfort, and would not feed. 
The mucosae of its eyes and mouth were already 
bronzed and the urine thick and chocolate-coloured. 
Possibly the intestinal discomfort was due to the 
mechanical effects of the bulk of the drug in the 
stomach, because by the next morning the animal was 
feeding well and seemed fairly fit. ‘The mucosae were 
still bronzed and the urine red. Blood submitted to 
Professor Keilin for spectroscopic examination showed 


an increase of about 10 to 12 per cent. of methaemo- 


globin which suggested that the phenothiazine had 
produced some oxidation of the haemoglobin, but the 
amount of methaemoglobin was not accurately esti- 
mated. No sulphhaemoglobin was present and the 
blood did not show any other abnormality. On the 
following day the methaemoglobin was only slightly 
reduced, but by 16.1.40, eight days after the dose, it 
had practically all disappeared. In blood, taken two 
days after the dose, the haemoglobin index was 83 per 
cent. and the red cell count 6,037,500, the colour index 
being 0-7 ; two days later the haemoglobin index was 
78 per cent. and the red cell count 6,818,000, the colour 
index being 0-58. On the eighth day after the dose, the 
haemoglobin index was 81 per cent., the red cell count 
7,000,000 and the colour index 0-578. These figures 
are within the normal variations shown by the blood 
of healthy horses. 

The day after the dose, a number of dead strongyles 
were recovered from the faeces, some containing eggs, 
others being flattened and pigmented brown. These 
were identified as mature and immature Trichonema 
spp. 

On the second day after the dose, the animal was 
still listless, but brighter than the day before. Its 
tenyperature was 92-2°, and the limbs were cold. It 
ate hay, but little else ; the mucosae were still bronzed 
an the urine red ; in the afternoon the temperature 
had risen to 100-2° and a bran mash was refused. On 
the third day after the dose the animal was still listless, 
with a morning temperature of 100° and an afternoon 
one of 99-2° and red urine and bronzed mucosae. 
Rather more food was taken and the condition was on 
the whole better. On the fourth day after the dose the 
termperature was as for the third day, the mucosae 
almost normal, the urine still red and the animal was 
eating hay only. 

On the fifth ae after the dose the morning tempera- 
ture was 100-6°, the mucosae about the same, the urine 


still red, but the animal was much brighter and was 
feeding better. 

On the seventh day after the dose the mucosae were 
still slightly bronzed, especially above the teeth, the 
urine was still red and the bowels loose, but the animal 
was feeding well and in quite good condition. 

By the eighth day after the dose, when the spectro- 
scopic blood examination showed that very little 
methaemoglobin was left, the urine was still red. It 
did not become normal till the tenth day when the 
mucosae were also normal and the animal had fully 
recovered, 

This history is interesting because it shows that a 
second large dose of 0-5 gramme per Ib. body weight 
given to a young horse was definitely toxic, whereas 
the previous dose had had little toxic effect. The 
interpretation of this result is difficult, but it is worth 
noting, because it may indicate that successive doses 
must be given with care. It is possible that one dose 
may sensitise an animal for some time. On the other 
hand, the dose given to this horse was excessively large 
and its very bulk may have caused most of the trouble. 
There is no record of ill-effects in horses from repetition 
of the small doses and there is evidence in the literature 
that, in other animals, repeated small doses do not 
have toxic effects and may be more effective than 
larger single doses. The experiments with pigs recorded 
below suggest that the age of animals dosed is an 
important factor. A note on the effects of relatively 
large doses recently given to young foals by F. Day, 
F.R.C.V.S., will be sent to the Veterinary Record as 
soon as possible. 

Thoroughbred 1.—Another mare, 9 years old, and 
weighing 1,232 lb., was given 1,000 grammes of 
phenothiazine powder obtained by crushing up in 
water tablets each of which contained 1 gramme of 
phenothiazine. The suspension was given by stomach 
tube, the object of the very large dose being to test the 
toxicity of the drug. There were so few eggs in the 
faeces that this animal was not suitable for observation 
of the anthelmintic efficiency of the drug. The day 
after the dose was given, this animal would not feed 
and was passing red urine and its mucosae were 
bronzed. It was restless and in some pain all day. On 
the second day after the dose it seemed better and one 
dead Ascaris was found in the faeces. Early on the 
third day after the dose, the animal was very restless 
and still would not feed. At 2.30 p.m. she was down 
and struggling for breath with staring eyes and was 
obviously in great distress. She was got up, but 
walked very stiffly. The temperature was 103°, the 
pulse rapid and weak, she was sweating a little and the 
ears were cold. At 4.30 p.m. she was destroyed. 

The following extract from the note published by 
Innes and Whittick on this horse shows that, in their 
opinion, most of the symptoms shown by this animal 
were due to a thrombo-angiitis, rather than to the 
phenothiazine. It is difficult, however, to resist the 
conclusion that the condition found in the stomach and 
kidneys was “caused by the drug. The case must 
remain inconclusive, but it is clear thiat a ddse as* “high 
as | gramme per Ib. body weight should not be given 
to horses. It is not likely ever to be given, because the 
experiments done with other horses show that 
0-1 gramme per Ib. body weight is an efficient anthel- 
mintic dose. 

Extracts from—INngs, J. R. M., and WHITTICK, 
J. W. (1940.) $. Path. and Bact: 50. 377-381. 
“< Thrombo-angiitis obliterans i in a Horse.” 
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Summary of post-mortem findings ”’ :— 

“ Pulmonary embolism ; thrombosis of termination 
of the abdominal aorta ; occlusion of the large arteries 
of both hind limbs by thrombus and mural thickening ; 
thrombosis and thickening of some veins in the hind 
limbs ; numerous acute haemorrhagic erosions in 
fundus of stomach ; subendocardial haemorrhage in left 
ventricle and right atrium; congestion of lungs ; 
areas of mucosal necrosis and ulceration in renal pelves 
and ureters, probably attributable to the toxic action 
of the drug ; no oedema of the limbs.” 

On subsequent page the authors say :— 

“There was no evidence of verminous infestation 
in any of the vessels. 

“The vascular lesions are definitely those of 
organised thrombosis and, in the absence of cardiac 
disease and of arteritis due to Strongylus larvae, the 


assumption of primary arterial disease of the vessels of . 


the hind limbs seems to be justified. 

“ Thrombosis of the veins in this horse was probably 
secondary to slowing of the blood flow consequen 
upon the arterial obstruction. 

“The arterial changes, because of their chronicity, 
cannot be attributed to the action of phenothiazine, 


although the drug in the dose given may have been © 


toxic and may have precipitated the final illness.” 
PIGS 


In the colons of two pigs received at the Institute, ,. 


from a farm, nodules resembling those produced by 
Ocsophagostomum were found, although no worms or 
larvae_could be found in them. 

Phenothiazine powder, derived from the breaking 
up of 1 gramme tablets, was given to these pigs. They 
were all about three months old and their average 
weight was 35 Ib. : 

The pigs were divided into Groups A, B and C of 
ten pigs each and a group of undosed controls. The 
pigs in Group A were dosed and weighed individually, 
each pig being given 0-5 gramme per Ib. body weight 
of phenothiazine. For the pigs in Groups B and C 


- enough-phenothiazine was weighed out to give the pigs 


in Group B 0-2 gramme per lb. body weight and those 
in Group C 0-1 gramme per Ib. body weight. The 
total dose for each group was then mixed in the trough 
with the food and the pigs were ‘allowed to eat it, the 
intention being to repeat the dose of 0-1 and 0-2grammes 
per Ib. body weight if no ill effects were seen, The 
pigs took the doses well, but there was no certainty 
that each pig got an equal amount of phenothiazine, 

0:5 Gramme lb. Body Weight, 
Dosed Individually.—The day r the dose one pig 
of this group was brought to the Institute unconscious 
and waving its legs in the air. It subsequently 
recovered by the fourth day. Other pigs were 
similarly affected, but less seriously, showing only 
drunken gait, inability to turn corners and weakness of 
the hind legs. All of these subsequently recovered. 
The dosing was not repeated. 

Group B, given 0-2 Gramme per lb. Body Weight as 
a Mass Dose in the Feed.—The day after the dose one 
pig only showed some slight weakness in the hind legs. 
A second dose of 0-2 gramme per Ib. body weight was 
given on the second day. On the third day six pigs 
showed complete loss of co-ordination, but recovered 
by the fourth day. The dose was not repeated after 
this second dose. 

Group C, given 0-1 Gramme per lb. Body Weight as 
a Mass Dose in Feed.—After the first dose no pigs 


showed any symptoms and on the second day a second 
dose of 0-1 gramme per Ib. body weight was given 
The day after this second dose three or four pigs showe«: 
‘slight rolling gait and inco-ordination, but al! 
recovered. The dosing was not repeated, so that thes: 
pigs had had two doses on successive days of 0-! 
gramme per lb. body weight, 0-2 gramme per Ib. in al! 

Two months later it was adjudged that all the pig: 
which had had phenothiazine were in better conditio: 
than those which had not. The weight increase, how- 
ever, was roughly the same in the dosed groups and in 
the undosed controls. 

The impression gained from this inconclusive 
experiment was that the method of dosing was 
responsible for the ill-effects observed. Only a few of 
the pigs were adversely affected, which suggested that 
these obtained more food and therefore more than 
their allotted dose of phenothiazine. This the writer 
had expected, but it was thought worth while to see if 
this method of dosing was safe in practice. The 
following additional experiment suggests that an over- 
dose of the drug obtained in this way was probably the 
correct explanation of the ill-effects. 

Twenty-seven pigs about three months old, und:: - 
going a metabolism experiment at this Institute, with 
an average weight of 42 lb., were each given individually 
0-1 gramme per Ib. body weight of the 5 gramme 
tablets of phenothiazine now being made by 
Imperial Chemical Industries. The pigs were starved 
for 24 hours before the dose was given. They were 
being fed individually so that they could be dosed 
individually by mixing the dose with the feed. 

None of the pigs showed any visible ill-effects. 
None showed any inco-ordination. The exact weigh- 
ings of each of the ingredients of the rations that were 
being given to them indicated that the food intake of 
some of the pigs was reduced after the drug was given, 
although no visible effects on the animals could be 
noted. After five days all the pigs had resumed their 
normal intake of food. There is as yet no clear proof 
that this reduction in food intake was due to the 
phenothiazine. 

Two other pigs of the same lot as the above 27 and 
the same age were also dosed individually as follows :— 

One weighing 61 Ib. was given 0-1 gramme per |b. 
body weight of phenothiazine tablets.and showed no 
visible ill-effects. Four days later, when its urine was 
no longer red, it was given 0:5 gramme per Ib, body 
weight without visible ill-effects. 

The other, weighing 37 lb. was given 0:14 gramme 
per lb. body weight without visible ill-effects and four 
days later it was given 0:2 gramme per lb. body weight 
without visible ill-effect. 

These observations, inconclusive as they are, (io 
indicate that pigs three months old dosed individual!y 
with 0-1 gramme phenothiazine per Ib. body weight 
do not suffer any visible ill-effect. When the dose for 
a number of pigs is mixed in the feed and the pigs ae 
allowed to take it as they will, there is danger that sore 
will get too much and will suffer accordingly. 

Larger doses will in the near future be given to p'.s 
individually and the results will be compared wiih 
those of Swanson, Harwood and Cohnelly (19° ) 
3. Amer. vet. med. Ass. 96, 333-338), who gave up ° 
1 gramme per Ib. body weight to older pigs wit''- 
out toxic effects. Meanwhile, it is probably w: ¢ 
to give phenothiazine to young pigs with great ca:-. 
The Ascaris burden of the pigs described above ws 
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not removed, nor much influenced, by this dose of 
phenothiazine. The reason for this is not clear. 
Summary 

(1) Two lambs weighing 74 Ib. and 89 Ib. were 
given 0°3 gramme and 0-27 gramme per Ib. body 
weizht respectively of phenothiazine in the form of 
tablets. Three days after the dose the egg count had 
fall-n, in the one case, from 7,400 e.p.g. to 200 e.p.g. 
and, in the other, from 3,850 to 550 e.p.g., these egg 
counts being the mean of two counts done by different 
observers on different portions of the same sample 
of iaeces. The egg counts of both lambs, which were 
kept in a box together, remained round about this 
figure for rather longer than five months. Attempts 
to reduce the egg count to 0 and to maintain it at 0 by 
giving further doses of phenothiazine were not 
successful. 

It is never desirable to remove all the nematodes 
from any animal because this procedure will lower 
or remove the host’s resistance to the infestation. 

(2) Comparisons of the effect of phenothiazine, 
copper sulphate and copper sulphate and nicotine on 
nematode infestations of ewes and lambs in the field 
indicated that small doses (about 0-1 gramme per lb. 
body weight) of phenothiazine lowered the egg counts 
more effectively than did either of the other two 
anthelmintics and tended to maintain them more 
effectively at a lower level. In three experiments 157 
ewes and lambs were weighed every ten days for a 
period of 30 days after doses of about 0-1 gramme per 
lb. body weight of phenothiazine. The results 
indicated that, even when these small doses are given, 
the weight increase of animals given phenothiazine is 
significantly greater at the end of 30 days than that of 
animals given normal therapeutic doses of copper 
sulphate or copper sulphate and nicotine, although, 
during the first 20 days or so, the animals given these 
two latter anthelmintics appear to put on slightly more 
weight. The egg counts of the animals given pheno- 
thiazine were reduced more effectively than those given 
the other two anthelmintics and remained low. It is 
thus possible that phenothiazine has a more lasting 
anthelmintic effect than copper sulphate and copper 
sulphate and nicotine, perhaps because it prevents the 
development of a second generation of worms picked 
up from the pasture. Further experiments on this 
question are in progress. 7 

It is unlikely that a copper deficiency in the animals 
used contributed in any way to these results, because 
there was no evidence of this and swayback had never 
been reported from the district in which the animals 
used were bred. : 

(3) No toxic effects were shown by any of the sheep 
treated with these doses of phenothiazine. It was not 
expected that the small doses used would have any 
toxic effects. 

(4) A similar marked fall in the egg count of a single 
goat from 3,650 e.p.g. to 150 e.p.g. was noted 24 hours 
after it had been given, without toxic effect, a dose of 
0-15 gramme per Ib. body weight of phenothiazine. 

(5) Attempts to kill the ciliates in the rumen of a 
sheep by introducing phenothiazine powder into the 
rumen through a fistula didnot kill any appreciable 
number of the ciliates. Thionol appeared in the urine 
of the sheep 5} hours after phenothiazine was set free 
in the rumen. 

(6) Doses of 80 to 125. grammes of phenothiazine 
did not produce any visible toxic effect in calves 
six months old. 


(7) The passage of red urine and bronzing of the 
mucosae, which usually persists for four days or so 
after the administration of phenothiazine, was noted 
in all the sheep, horses and calves treated. When the 
doses were larger, loss of appetite and listlessness were 
noted. These are signs that the dose should not be 
increased, nor repeated until a considerable interval 
has elapsed. 

(8) Phenothiazine powder at the rate of about 
0-1 gramme per lb. body weight administered to horses, 
either mixed in a feed of bran and treacle or given 
suspended in water with a stomach pump, reduced the ~ 
strongyle egg count to 0, or near that figure, and the 
egg count did not rise again appreciably for many 
weeks, although the horses were at grass. 

(9) One horse, given 500 grammes of phenothiazine 
in water with a stomach pump (a dose of about 
0-5 gramme per Ib. body weight) suffered little more 
than transient loss of appetite and listlessness. After 
the same dose 49 days later the same horse became 
restless and uncomfortable and refused.to feed for a 
few days, but subsequently recovered. Another horse, 
given 1,000 grammes with a stomach pump showed 
marked toxic effects, but the existence in this animal 
of thrombo-angiitis rendered it impossible to say 
whether the symptoms were due to this disease or to 
the phenothiazine. Examination of the blood of these 
horses showed no other abnormality than a transient 
excess of methaemoglobin. 

(10) Evidence is given which suggests that pheno- 
thiazine should be administered to young pigs with 
great care, although doses of 0-5 gramme per lb. body 
weight appear to have no toxic effects on mature pigs. 


Comparative Tests on the Treatment of 
Lambs with Phenothiazine and with Copper 
Sulphate and Nicotine Sulphate 


A. D. McEWEN, D:sc., M.R.C.v.s. 


SouTH EASTERN AGRICULTURAL COLLEGE, WYE, 
VETERINARY DzPARTMENT 


Experiment | 

This experiment was carried out in co-operation 
with Dr. E. L. Taylor and the experimental animals 
were purchased and maintained at the expense of the 
Veterinary Laboratory, Ministry of Agriculture, 
Weybridge. 

A flock of 123 lambs, seven to eight months old, 
was placed in experiment in November, 1939. The 
animals were divided into three groups, each contain- 
ing 41 lambs, and they were kept throughout the 
experiment on’ a limited range of permanent pasture 
that had been heavily stocked with sheep. 

Group’ 1 was treated every two weeks with 
30 grammes of phenothiazine. . 

Group 2 was treated every two weeks with 
20 c.c. copper sulphate ‘and nicotine sulphate.* 

Group 3 was left untreated as a control group. 

The lambs were weighed every two weeks. Treat- 
ment began on December 11th, 1939, and the lambs 
were dosed ten times, the last treatment being given 
en April 29th, 1940. The final weighing was made 
on May 20th, 1940. The lambs were sold by public 
auction on June 7th, 1940 


* The mixture used contained approximately 5% copper 
sulphate and 5% “ nicotine sulphate 40 solution,” 
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I. 
Showing Death Rate and the Sums for which Animals 
were Sold 
No. in No. No. No. 
Group. Experiment. Died. Survived. Sold. Amount. 
£ se. d. 
1 41 10 31. 30° 5217 6 
2 41 8 33 31 51 5 O 
3 4) 21 20 19 2810 0 
Taste Il 
Showing the Mean Weights 
Date Weighed. Group 1. Group 2. Group 3. 
11.12.39 71 74 
22.12.39 68 69 
8.1.40 68 70 69 i 
5.2.40 62 63 61 3 
19.2.40 64 64 61 
4.3.40 61 59 58 
18.3.40 63 59 58 
1.4.40 65 61 59 
15.4.40 69 65 61 
29.4.40 74 71 68 
20.5.40 83 82 75 


In Table 2 are shown the mean weights of the, 
three groups at various intervals after the commence- 
ment of the experiment. It may be stated that from 
March 18th onwards, the mean weight of the lambs 
in Group 1 was significantly higher than that of the 
lambs in Group 3. The animals in Group 2 occupy 
an intermediate position between Groups 1 and 3, 
and this suggests that phenothiazine is the better of 
the two anthelmintics. 

Experiment 2. 

In this experiment the dose of phenothiazine was 

reduced to the smaller and more convenient one of 


10 grammes; the 20 c.e. dose of copper sulphate and 


nicotine sulphate was retained. Fifty-four of the 
poorest lambs, in a flock showing evidence of para- 
sitic gastritis and enteritis, were selected and divided 
into two approximately equal groups. The lambs in 
Group 1 were given phenothiazine and those in 
Group 2 were given the copper sulphate and nicotine 
sulphate mixture. No controls were kept. The 
lambs were first weighed and treated on March 18th, 
1940. Altogether the lambs were dosed four times 
at fortnightly intervals and on each occasion they 
were weighed. Their weights were taken for the 
fifth and last time on May 20th, 1940. 


Taste III 
Showing the Mean Weights of the Lambs. 


Date Weighed. Group 1. Group 2. 


18.3.40 71 67 
1.4.40 72 68 
15.4.40 77 72 
29.4.40 83 78 
20.5.40 96 87 


It may be stated that at the last weigh- 
ing the difference of 9 Ib. between the 
mean weights of the two groups was 
found to be statistically significant. The 
experiment therefore suggests that pheno- 
thiazine is the better anthelmintic. 
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Experiment 3. 

Observations were made on three flocks of 11 to 12 
month-old lambs belonging to the same owner. Each 
flock of lambs was divided into two equal groups and 
one group was treated with phenothiazine while the 
other received copper sulphate and nicotine sulphate. 
The dose of the former was 10 grammes and the dose 
of the latter 20 c.c. The animals were not weighed 
and the effects of the two different treatments wer: 
compared from the appearance of the animals approxi- 
mately three weeks after treatment stopped. 


Flock 1 consisted of 86 lambs; treatment began 
in March and the animals were dosed three 
times at intervals of three to four weeks. 

Flock 2 contained 45 lambs; treatment began in 
April and the lambs were dosed twice. 

Flock 3 contained 30 lambs and they were dosed 
in the iatter part of April. 


The lambs were inspected in May, between two 
to three weeks after the last treatment had been 
given. Each flock was divided into its two groups 
that were held for examination in adjacent sheep 
pens. Without knowing the treatment given to each 
individual group I selected the better group in each 
flock and in all three cases this proved to be the group 
that had been treated with phenothiazine. The 
superior condition and bloom of the lambs _ that 
received phenothiazine was most marked in the flock 
that;had been treated for the longest period and had 
been dosed three times. In the flock that had been 
treated on one occasion only, the difference was least 
obvious. In each case my selection of the better 
group was confirmed later on in the same day by a 
shepherd who was not aware that the animals had 
been treated. These observations again suggest that 
phenothiazine is the better anthelmintic. 


Summary 
Comparative tests made on five flocks of lambs 
indicate that phenothiazine is a more effective anthel- 
mintic than copper sulphate and nicotine sulphate. 
* * * * * 


Phenothiazine in Parasitic Gastritis 
W. T. ROWLANDS. 


UNrIversITY COLLEGE, BANGOR, N. WALES. 


The results of small scale experiments in Australia 
showed that phenothiazine was of value in treating 
parasitic gastritis in sheep. The following is the 
account of an experiment carried out in North Wales. 
In no case, however, could the sheep be regarded as 
typical cases of acute parasitic gastritis. 


Farm A. 

Eleven wether (Welsh) lambs—‘ culls ’’—showed 
symptoms of scouring, extreme emagiation, poor 
fleece and increased lacrimation They had been 
grazing on a permanent pasture and had ceased 
thriving from the end of August. They had been 
dosed at intervals with proprietary worm pills. 

A post-mortem examination of an emaciated lamb 
showed the following worms to be present :— 

| 100 

4th Stomach—1,600 ...< Ostertagia ... ... 1,100 

Trichostrongylus ... 400 
Haemonchus contortus 7,296 

Small Intestine—15,200< Trichostrongylus ... 5,472 


Date 


September 7th, 1940. 


The lambs were divided into two groups; the six 
poorest were dosed with 20 grammes phenothiazine 
‘tablet form) crushed and suspended in water and 
lrenched on December Ist. Five lambs acted as 
controls, receiving no treatment. All the lambs were 
weighed prior to dosing and two composite faeces 
samples consisting of the faeces of each individual 
lamb in each group were taken. The results are set 


out below 


Average Average 
Group. Date Average Loss in Fgg 
Weight. Weight. Count. 
Dosed 1.12.39 34-7 Ib. 0-4 Ib. 2,100 
20.12.39 34-3 ,, 400 
Undosed ... 1.12.39 44-2 ,, 1-8 ,, 1,700 
20.12.39 42-4 ,, 600 
Farm B. 


This is an upland farm and the flock consisted of 
73 ewes, 2 rams, and 15 lambs. There were no 
obvious clinical symptoms, except those of poor thriv- 
ing, the condition being due, in part at least, to the 
poor pasture. After weighing a fair proportion of the 
dosed and undosed ewes and lambs and obtaining 
two composite faeces samples, 53 ewes, 2 rams and 
10 lambs were drenched with 20 grammes pheno- 
thiazine, 20 ewes and 5 lambs being left as controls. 
The results are shown in the table at the top of the 
next column. 
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Average Average 


Group. Date. Avcrage Loss in Egg 
Weignt. Weight. Count. 
Dosed ... 1.12.39 59-01b 3-9 Ib. 300 
29.12.39 55-1 ,, Nil 
Ewes 
Undosed 7.12.39 60-0 ,, 6-0 ,, Nil 
29.12.39 54-0 ,, Nil 
Dosed... 7.12.39 43-6 ,, ,, 300 
29.12.39 39-8 ,, Nil 
Lambs 
Undosed 7.12.39 42-4 ,, 5-0 ,, 100 
29.12.39 37-4 ,, 400 


Two further experiments were carried out on a 
small group lambs at the laberatory. Five wether 
lambs that previously grazed upon a _ permanent 
pasture on the College Farm, Aber, were treated. 
Particulars of dosage, egg counts and weights are 
set out in the accompanying table and appear to 
indicate a marked beneficial result from the use of 
phenothiazine. 

Five wether lambs from a farm where losses had 
been comparatively heavy were sent to the laboratory. 


A post-mortem examination on one lamb that died 


had revealed the presence of 1,200 nematodes in the 
fourth stomach and 1,100 in the small intestine. Two 
weeks later 20 grammes phenothiaziné was admin- 
istered to the four lambs. <A post-mortem examin- 
ation on one of them which died shortly afterwards 
showed the complete absence of parasitic worms, 


TaBLe: Showing the Effect of Phenothiazine in Reducing the Worm Infestation in Five Experimental Lambs. 


. Post-mortem examination showed no worms in abomasum and only 300 in small intestine. 


L.1. L.2. L.3. L,12. L.17. 
Date. | 
Treat- Weight Treat- Weight _Treat- Weight Treat- Weight Treat- Weight 
ment. in lb. E.P.G.;| ment. in lb. E.P.G.) ment. in lb. E.P.G.. ment. in lb. E.P.G.) ment. in Ib. E.P.G. 
7.11.39 50 ~=—:1,100 | 10grammes 35 2,000 | 10grammes 40 600} lbcc. 45 700 | 15 c.c. 45 5,100 
Phenothiazine Phenothiazine Nicotine Nicotine 
mixture mixture 
5.11.39 41 43 700 | Died 49 1,900 7, & 1,000 
13.11.39* 
91139 18grammes 40 1,100 | 1.12.39 43 600 50 «600 51-700 
of 20 grammes 
Phenothiazine Phenothiazine 
3.12.39 45 300 | 43 1,000 51 400 49 1,000 
8.12.39 46 100 46 nil 44 300 | 21.12.39; 48 nil 
20 grammes 
Phenothiazine 
2.1.39 111,39; 52 nil 50 nil 11.1.39 ; 48 nil 51 nil 
60 grammes. 50 grammes 
Phenothiazine Phenothiazine 
6.1.39 54 nil 53 nil 49 nil 57 nil 
6.2.39 56 nil 50 nil 50 nil 60 nil 
Ncrease weight over 
experimental period 6 15 5 15 
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eggs disappeared from the faeces of those remaining 
alive and their general bodily condition became 
greatly improved. 


Conclusion and Summary 


(1) Phenothiazine is a very efficient anthelmintic 
in sheep, providing the dose is sufficiently high— 
20 grammes or more. 

_ (2) Phenothiazine is well tolerated, 60 grammes 
having been given to a 50 lb. lamb without ill effects. 

(3) Phenothiazine is best administered in liquid 
form, with the aid of a dosing syringe. 

(4).-Before phenothiazine is administered owners 
should be warned of the red colour that it produces 
in the urine. 


Report on Phenothiazine as an Anthelmintic 
in Horses* 


T. GRAHAME, D. O. MORGAN and 
J. E. N. SLOANE. 


Osject OF INVESTIGATION. 


The object of the investigation was to determine : 
(1) The efficiency of the drug as an anthelmintic. 
(2) A simple method of administration of the 

drug. 
(3) The reaction of the animal to the drug. 
(4) The minimum effective dose. 


SELECTION OF ANIMALS. 


The first batch of horses examined had been in the 
barrack stables some time prior to the outbreak of 
the war. 

The subsequent examinations were made on re- 
mounts ; these horses were from units in various parts 
of England and Scotland, and the majority had been 
newly acquired by the Army. 

Each animal was subjected to a routine examin- 
ation and weighed, and special attention was paid to 
the teeth, faeces and blood. The drug was not given 
to any animal fhat showed any deviation of temper- 
ature or pulse. 

Apparent poor condition was not always an indi- 
cation that the animal had a high infestation of 
helminths, and, conversely, neither was good condition 
invariably an indication of a low infestation. It was 
discovered that many of the debilitated poor ‘‘ doers ”’ 
had a lew or almost negative count, whereas many 
animals which appeared to be in ‘‘ good condition ”’ 
were heavily infested ; these animals were treated. 

Practically all the horses, whether in good or bad 
condition, improved and gained in weight following 
the administration of the drug. 

All the animals chosen were infected with 
strongyles and occasionally with ascarids. 


ADMINISTRATION OF THE DRUG, 

The data on the use of phenothiazine as an anthel- 
mintic in the horse is somewhat scanty, and the 
dosage, method of administration, etc., required 
further investigation. The first doses given in the 


*An investigation conducted under the co-ordination 
@ The Helminths- Committee (Animals Section) of the 


Agricultural Research Council. 


present series were based on 5 grammes per 50 lbs. 
body weight, which usually worked out at approx’. 
mately 100 grammes for the average cavalry horse. 

One hundred grammes of phenothiazine is a bulk, 
mass, and its administration offered a problem. Th. 
powder is not miscible in water, but may be suspende. | 
and given by stomach tube. . 

The administration of the powder in the food wa. 
tried with success. The procedure was to feed a bray 
mash mixed with treacle, followed at the next me. 
by a similar feed with which the powder was mixed, 
Some animals reluctantly ate the mixture, while 
others, especially the ‘* particular feeder,’’ left ii. 
The following method was found to be the most 
satisfactory. The animals were made to miss a feed, 
and then’ an ordinary bran mash containing the 
powder was given. In almost every case the feed 
was eaten, and there was no difficulty when a little 
boiled oats was added. , 

It was the usual practice to treat the animals at 
the week-end, missing the Saturday morning feed 
and giving a meal containing the powder at the 
midday feed. In this manner the usual routine of 
work was not interfered with. The animals were at 
their usual work on Monday, having suffered no 
apparent inconvenience. However, to prevent the 
working of any horse that might be particularly sen- 
sitive to the action of the drug, each animal was 
examined every morning for a week subsequent to 
the administration of the medicine. 


REACTIONS OF THE Druc. 

Some interesting observations were made which 
seem to have a bearing upon the distribution and 
possible ‘‘ breakdown ” of the drug ‘in the boty 
system, although some horses showed little or no 
departure from the normal : 

(1) The conjunctival mucous membranes’ were 
stained a_ yellowish colour and occasionally the 
mucous membranes of the mouth and anus’ were 
similarly coloured. The yellow coloration appeared 
after 24 hours and sometimes became more intense, 
but gradually faded out. In some, the coloration dis- 
appeared in a few days, but in others it persisted for 
seven to eight days and even longer. The mucous 
membranes of the mouth and anus were stained a 
faint yellow, very much less intense than that of the 
conjunctiva. 

(2) The urine of some horses was viscid and 
coloured a reddish brown. Attention is drawn to this 
condition by the staining of the bedding and floor of 
the stable, and by the red-bespeckled hind lim)s, 
especially noticed when the limbs have white mar- 
ings. 

The coloured excretions may persist for two ‘o 
four days. In several animals, the urine remained 
coloured for severa! days before a clearance W's 
effected. 

Those unaware of this action of the drug mig tt 
be alarmed and consider the reaction unfavourab v. 
Analysis of the urine did not show any unust.il 
ingredients, other than might be expected from (© 
‘* breakdown ” of the drug. 

Technique—To measure the anthelmintic effica. y 
of the drug, egg counts were carried out before ard 
after dosing. 

The modified Stoll dilution method was us 
throughout: 5 grammes of faeces were weighed out 
into a jar graduated at 75 c.c. and N/10 NaO'! 
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added up to the 75 c.c. mark. The sample was left 
cvernight to soften, and after shaking and sieving to 
remove coarse debris, 0°15 c.c. was removed by 
means of a Macdonald pipette. All the eggs in the 
(15 c.e. were counted, and the process was repeated 
tiree or four times, and the average count taken. 
The figure obtained, multiplied by 100, gave the 
number of eggs per’ gramme of the original sample. 
I-ggs of Parascaris equorum were counted separately 
from those of strongyle worms. The faeces were 
t.iken direct from the rectum. of each horse. 

Explanation of Tables. —Where a count of 30 eggs 
appears in the tables, this indicates that only one egg 
was seen in the three slides examined. A plus sign 
in the tables indicates that no eggs were found by the 
above counting technique, but that a concentration 
method using about 5 grammes of faeces revealed a 
few eggs. 

Owing to the transfer of horses, some irregularity 
occurred in respect of the intervals of time between 
the three counts after dosing. In Tables I, II, III, 
VII, and VIII, the counts were made at approxi- 
mately two, four and six weeks after dosing, and in 
Tables IV, VI, IX and X at two, three and four 
weeks. In Table V, oniy one count was obtained, 
and this was taken at four weeks. In every case 
where a third count was obtained, it was taken at 
not less than four weeks after the date of dosing. 


TABLE I 


Results obtained from the administration of 100 Grammes 
of Phenothiazine Powder 


Strongyle Eggs per Gramme. 


Horse Age. Ist 2nd 3rd 
No. Count Count Count Count 
Before After After After 
Dosing. Dosing. Dosing. Dosing. 
A38 11 1,000 0 0 330 
A39 ll 1,400 0 0 230 
A42 6 850 0 0 oo 
A46 8 560 + + 130 
A47 8 1,000 0 0 60 
A50 9 600 0 0 30 
A52 6 1,050 0 0 60 
A79 15 1,200 0 0 30 
A86 11 750 0 0 360 
A89 8 800 + + 160 
A99 9 1,560 “+ + + 
B40 10 600 0 0 0 
B44 7 400 0 0 0 
B46 9 1,060 > 30 60 
¢ BSI 6 260 4+ 30 130 
B54 8 1,330 0 + 30 
B58 8 830 30 60 260 
B59 8 1,400 0 0 + 
R68 8 60 0 0 0 
R69 6 1,160 0 0 + 
70 8 600 + 
h72 7 600 0 0 60 
B73 15 460 0 0 + 
B76 14 1,780 0 0 260 
B77 12 450 0 + 60 
C60 14 1,300 230 200 260 
C61 7 1,360 + +4 60 
C66 15 1,430 + + 30 
C70 12 1,200 0 0 + 
I) 2 0 30 130 


Strongyle Eggs per Gramme. 


Horse Age. “Ist 2nd ‘3rd 
No. Count Count Count Count 
Before After After After 
Dosing. Dosing. Dosing. Dosing. 
D28 10 250 + 
D36 6 1,000 + + 100 
D45 9 970 0 0 + 
t.b.d. 2 970 + + 
Tas_e II 
Results obtained from the administration of 95 Grammes 
of Phenothiazine Powder 
Strongyle Eggs per Gramme. 
Horse Age. Ist 2nd 3rd 
No. Count Count Count Count 
Before After After After 
Dosing. Dosing. Dosing. Dosing. 
C59 15 2,500 0 0 130 
C72 9 1,030 0 0 + 
C75 15 1,030 ° 0 + + 


Taste III 


Results obtained from the administration of 80 Grammes 
of Phenothiazine Powder 


Strongyle Eggs per Gramme. 


Horse Age. Ist 2nd 3rd_ 
No. Count Count Count Count 
Before After After After 
Dosing. Dosing. Dosing. Dosing. 
A44 7 960 0 0 + 
B63 8 1,060 + + 130 
B75 6 560 + + + 
B8 9 630 330 200 200 
D49 10 700 0 0 230 
TaBLe IV 


Results obtained from the administration of 4 fl. oz. Phenovis 
= 72 Grammes of Phenothiazine Powder 


Strongyle Eggs per Gramme. 


Horse Age. Ist 2nd 3rd 

No. Count Count Count Count 
Before After After After 

i Dosing. Dosing. Dosing. Dosing 
AZ 10 1,200 0 0 0 
A33 13 60 0 0 60 
A48 6 1,300 + 
“A56 7 600 0 0 0 
A59 13 300 i? 0 + 
A73 10 500 0 0 0 
A75 8 800 0 0 0 
A76 6 500 0 0 0 
A80 15 830 0 0 0 
A84 12 500 0 + + 
A92 12 560 0 0 0 
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TABLE V 
Results obtained from the administration of 60 Grammes 
of Phenothiazine Powder 

Strongyle Eggs per Gramme. 

Horse Age. 
No Count Before Count After 
Dosing. Dosing. 

B31 9 1,000 30 
B35 15 300 160 
B39 10 130 30 
B41 8 700 0 
B42 15 1,630 0 
B43 9 660 30 
B49 8 500 0 
B52 6 730 30 
B55 11 820 30 
B57 14 800° 60 

Tasie VI 
Results obtained from the administration of 3 fl. oz. Phenovis 

= 52 Grammes of Phenothiazine Powder 


Strongyle Eggs per Gramme. 4 


Horse Age. Ist 2nd 3rd 
Count Count Count Count 
Before After After After 
Dosing. Dosing. Dosing. Dosing. 
A64 6 130 0 0 0 
A72 8 560 0 0 0 
B9 8 1,100 60 60 60 
B13 13 800 0 0 0 
B18 . 12 1,500 + + 60 
B21 - 8 300 oe + + 
B23 ll 800 0 0 + 
B27 15 1,430 0 0 0 
B29 9 2,460 0 0 0 
B37 12 800 + 30 30 
D85 15 1,860 0 + 360 
Tasie VII 
Results obtained from the administration of 35 Grammes 
of Phenothiazine Powder 
Strongyle Eggs per Gramme. 
Horse Age. Ist 2nd 3rd 
No. Count Count Count Count 
Before After After After 
Dosing. Dosing. Dosing. Dosing. 
D81 10 1,600 + + 120 
D83 8 2,060 320 520 1,120 
Ds4 8 2,000 0 0 200 
D86— 7 1,520 0 0; 60 
D87- 7 1,060 0 0 120 


Tasie VIII 
A 
Results obtained from the administration of 30 Grammes 
of Phenothiazine Powder 
Strongyle Eggs per Gramme. 
Horse Age. Ist ' 2nd 3rd 
No. Count Count Count Count 
Before After After After 
Dosing. Dosing. Dosing. Dosing 
D90 8 1,400 0 0 120 
D91 10 1,200 0 + 260 
D92 7 1,000 0 0  Destroye:i 
D93 11 1,120 0 60 120 
C50 9 860 + 60 320 
TaBLe IX 


Results obtained from the administration of 25 Grammes 
of Phenothiazine Powder 


Strongyle Eggs per Gramme. 


Horse Age. Ist 2nd 3rd 
No. Count Count Count Count 
Before After After After 
Dosing. Dosing. Dosing. Dosing. 
C37 14 2,800 120 120 600 
C65 7 2,000 400 520 720 
C71 7 1,320 60 60 600 
C72 10 1,400 320 320 400 
C77 15 1,060 60 60 400 
TABLE X 
Results obtained from the administration of 20 Grammes 
of Phenothiazine Powder 
Strongyle Eggs per,Gramme. 
Horse Age. Ist 2nd 3rd 
No. Count Count Count Count 
Before After After After 
Dosing. Dosing. Dosing. Dosing. 
D49 10 1,400, 320 460 660 
cl 10 1,320 520 860 800 
C15 6 860 400 520 460 
C21 6 1,060 120 400 400 
C24 7 1,200 60 60 60 


— 
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TasBLe XI 


The following Table is compiled from the preceding Tables and 
gives Egg Counts for Parascaris equorum 


Ascaris Eggs per Gramme. 


Age. Ist 2nd 3rd 
No. Count Count Count Count 
Before After After After 
Dosing. Dosing. Dosing. Dosing. 


Ade 6 330 0 0 0 
Ab: 6 60 0 0 0 
A6.: 6 30 + + 30 
Ast 11 60 0 0 30 
A9! 6 30 0 0 0 
B54 8 30 0 0 0 
B59 8 60 0 0 0 
B6s 8 60 0 0 0 
B77 12 30 130 60 0 
D2s 10 100 60 30 30 
D36 6 50 100 100 30 
DISCUSSION 


After doses ranging from 30 to 100 grammes, the 
first two egg-counts were negligible, except in a very 
few cases. In the third count, on the other hand, a 
slight rise was found in the majority of cases. This 
figure, however, is very small in comparison with the 
count before dosing and is no more than might be 
expected in view of the lapse of time between the 
times of dosing and the third count. The increase 
may be explained by the maturing of larvae which 
were in the tissues at the time of dosing, and which 
had returned to the lumen of the gut in the interval. 

Doses of less than 30 grammes, however, did not 
produce comparable results, although a notable reduc- 
tion in the egg-count was recorded, for the 25 


grammes group of approximately 80 per cent., and ~ 


for the 20 grammes group of 40 per cent. In these 
two groups the second and third egg counts show a 
rapid increase, and it would seem that while the drug 
did not kill all the worms; nevertheless it affected the 
egg-laying activities of the females for a period of 
nearly three weeks. 

On the evidence set forth in the above tables, the 
minimum ®ffective dose is considered to be approxi- 
mately 30 grammes. 

Only 11 horses of the total of 95 treated, har- 
boured Parascaris equorum, and infestations were 
light in all cases. No definite“conclusions can there- 
fore be drawn from these observations concerning 
the value of the drug against this parasite, and 
although the egg-counts from six of the animals were 
negative after treatment, the other results were 
erratic. 


Conclusions 


(1) It would appear from the results given in the 
above tables of egg-countsand from the improvement 
observed in the general condition of the animals 
treated that phenothiazine has distinct merits as an 
anthelmintic for strongyles in horses. 

(2) The average weight of the horses treated in 
the above experiment was approximately 1,000 lbs., 
and the effective minimum dose was 30 grammes. 
This represents 1 gramme of phenothiazine per 33 Ibs. 
of body weight. 


(3) In view of the fact that phenothiazine may be 
given in the feed of the horse with little previous 
preparation of the animal, it has obvious advantages 
over drugs requiring long preliminary fasting and 
more elaborate methods of administration. 

(4) No evidence was obtained of any untoward 
reactions, and although slight malaise was observed in 
two or three animals, this may have been due to 
individual idiosyncrasy. 

(5) The drug has the additional value that it does 
not interfere with the normal working of the horse. 

(6) The foregoing conclusions suggest that regu- 
lar periodic dosing with phenothiazine might provide 
a safe and easy method for the control, if not the 
complete eradication, of strongyles in horses. 

Acknowledgments. —We desire to express our 
thanks to Lieut.-Col. C. G, Darley, D.8.0., Com- 
manding Officer, 3rd Horse Cavalry Training Regi- 
ment, and to Major D. A. Gillmor, R.A.V.C., for 
the facilities to carry out this investigation. 


* * * * * 
Treatment of Equine Strongylosis by 
Phenothiazine 


R. H. KNOWLES, Major R.A.V.C., and 
A. V. FRANKLIN, Major R.A.V.C., * 
R.A.V.C. Laboratory, Aldershot 


At the suggestion of E.: L. Taylor, D.v.sc., 
D.V.H., M.R.C.V.Ss., Senior Research Officer of the 
Laboratory of the Ministry of Agriculture and Fisher- 
ies, Weybridge, it was decided to carry out trials at 
the Royal Army Veterinary Corps Laboratory to test 
the efficacy of the anthelmintic drug thiodiphenyl- 
amine, also known as phenothiazine, for the treat- 
ment of strongylosis in horses. 

This drug has proved very effective against stomach 
worms in sheep and would appear to exert more 
effect than any preparation previously tried for the 
removal of worms from the large intestine of sheep. 
It was thought, therefore, that phenothiazine might 
prove an efficient expellant of strongyles from the 
horse. 

Three horses were selected for these observations : 


(1) No. 110. Bay Mare, 7 years old. Rider. 
Condition moderate. 

(2) No. 47. Bay Mare, 7 years old. Rider. 
Condition moderate. 

(3) No. 94313. Black Mare, aged. Rider. 


Condition poor. 

For the purpose of this trial egg counts of the 
faeces were made by Stoll’s method before and after 
the treatment, and were continued for 21 days after 
administration of the drug. The results of these 
counts are shown in table overleaf. 

From the result of the egg counts as shown in the 
above table it will be noted that before treatment none 
of the horses gave very high counts and these 
animals were not regarded as acute cases of strongy- 
losis. They were selected as the most suitable cases 
at our limited disposal for this observation. 

The phenothiazine was supplied by Dr. Taylor in 
tablet and in powder form. In two instances the 
drug was administered by stomach tube and in the 
third by mixing with the food. When the tablets . 
were used these were finely ground before adminis- 
tration. 


— 


664 No. 36. VoL. 52. 


THE VETERINARY RECORD, 


September 7th, 194(. 


‘Rscorp oF TREATMENT AND Ecc Counts 


Strongyle 


Subject. Date. Eggs per Treatment and Remarks. * 
Gramme. 
Horse 26.10.39 600 
No. 27.10.39 600 
110 30.10.39 300 60 grammes phenothiazine 
in 1 gallon warm water 
oer stomach tube. 
31.10.39 200 No parasites in faeces. 
1.11.39 0 Strongylus edentatus and 
Strongylus vulgaris pre- 
sent in faeces. 
3 11.39 0 ” ” ” 
5.11.39 
to 0 No parasites in faeces. 
20.11.39 
Horse 26.10.39 600. 
No. 27.10.39 600 
47 . 1.11.39 300 100 grammes phenothia- 
zine in 1 gallon warm 
water per stomach tube, 
2.11.39 900 No parasites in faeces. 
4.11.39 200 S. edentatus and S. vulgaris 
in faeces. 
5.11.39 0 No parasites in faeces. 
6.11.39 0 S. endentatus and S. vul- 
garis in faeces. 
7.11.39 
to } 0 No parasites in faeces. 
22.11.39 
Horse 14.11.39 100 
No. 15.11.39 100 
94313 16.11.39 200 60 grammes phenothiazine 
in food. 
17.11.39 100 No parasites in faeces. 
18.11.39 0 
19.11.39 0 S. edentatus, S. vulgaris and 
Tric in faeces. 
1 1.39 0 ” ” ” 
22.11.39 
to 0 ‘No parasites in faeces. 
7.12.39 


mixing with water phenothiazine tends to. 


sediment rather rapidly, but we found that by keep- 
ing the suspension constantly stirred during adminis- 
tration no sediment  remaified ‘when given by the 
stomach tube. The drug was given in one gallon 
of .warm’ water. 


The other method of administration consisted of 


mixing the drug with food. For this purpose a 
quarter bucket of warm bran mash was prepared 
and the powder well mixed with it. 

Although the mare selected for this trial had been 


fasted for 24 hours previously she did not regard the 


feed favourably, ate about a third of the mash and 
refused to take more. When, however, a double 


handful of oats was added to the remainder of the 


mash she rather reluctantly finished it. 


— 


It has been suggested that horses may be indu: ed 
to take the drug more readily by giving them sm.,ll 
amounts of treacle, bran and oats for a few d. ‘Ys 
previously and then mixing the powdered drug with 
this food when it is readily taken. In further trials 
it is proposed to employ this method. 


As far as dosage is concerned, two horses recei\ ed 
60 grammes and one 100 grammes of phenothiazine. 
The smaller doses, judging from the egg counts, 
appeared to be just as effective as the larger ones, 
but as we were only dealing with comparatis ely 
light infestations the same rule may not apply to 
heavy invasions. 


No ill effects were noticed after administration; 
there was no softening of the faeces, no rise in tem- 
perature and the appetite was unaffected. 


In each case three worm egg counts were carried 
out on separate days before administration. 


Red-tinged urine was observed in each horse on 
the day after the administration of the drug. This 
pigmentation disappeared in about 48 hours. The 
red coloration is due, not to the presence of blood, 
but to a colour reaction derived from the drug. 

The horses were prepared by fasting for 24 hours 
before administration, after which they received only 
warm bran mashes for a further 24 hours, and then 
reverted to ordinary diet. 


A naked-eye search for parasites was carried out 
on all dung passed after the drug was given. No 
special apparatus was employed for this purpose, the 
pellets merely being broken’ down and carefully 
examined. A few parasites were observed in all three 
cases, these appearing upon the second or third day 
after administration and persisting until the fifth day. 


Specimens were despatched for classification to Dr. 
Taylor, who identified them as Strongylus edentatus, 
Strongylus vulgaris and Trichonema. In two of the 
horses two species of Strongyles were observed only, 
in the third horse all three species were present. 

Egg counts were taken and observations were 
recorded for a period of 21 days after administration. 


It will be seen from the tabulated record that in 
addition to the expulsion of adult worms the drug 
was completely effective in- removing ova of Strongy- 
lidae from the faeces, as in- the-counts taken prior 
to administration eggs were present in, at any rate, 
appreciable numbers. .It must be noted that in our 
previous experiences. with, the use of anthelmintic 
drugs for the treatment.’ of strongylosis of horses, 
although a reduction in the number of ova in the 
faeces was brought about, after a time the number 
again increased. It will, therefore, be necessary ‘0 

make observations over a longer period than has been 
done in these experiments and to consider the advis- 
ability of giving a second or even'a third dose of 
the drug. 

As an anthelmintic for strongylidae in horses the 
results appear to be véry encouraging and wou!ld 
justify the carrying out of trials upon a more exten- 
sive scale. In comparison with other anthelmintics 
used for the treatment of strongylosis in horses 
phenothiazine appears up to the present to have a 
decided advantage in being harmless to the patie: '. 


The question as to whether or not a purgati-e 
could be usefully employed in combination with. this 
drug is a matter for further consideration. 
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Trial. of Phenothiazine in Ascarid 
Infestation in Dogs 


R. F. MONTGOMERIE, 
\VELLCOME RESEARCH LABORATORIES, BECKENHAM 


Subject.—Six terrier puppies, all of one litter, and 
all reared together; and a second group of four 
puppies also of one litter. 

Treatment.—After overnight starvation, phenothia- 
zine was administered in tablet form to each puppy 
with the exception of two out of the first six which were 
kept as controls. 

Egg Counts.—Daily examinations for ascaris eggs 
were made for a period prior to and after treatment and 
the number of eggs per gramme of faeces estimated. 

Worm Counts.—All faeces passed during three days 
after treatment were examined for worms and on post- 
mortem examination the whole of the intestinal tract 
was searched. 


RESULTS 


The data which were collected are set out in the 
accompanying table and show little or no effect on 
ascarid infestation in puppies as a result of treatment 
with doses of phenothiazine varying from 6 to 
12 grammes. 

This result was unexpected as many hundreds of 
ascarids were passed by a horse which was treated 
with phenothiazine at about the same time. 

All of the puppies tolerated the drug well and in no 
instance were there any symptoms of intoxication. 
The urine was highly coloured, however, and in at 
least one instance the faeces showed traces of the drug. 


TABLE OF Data ON THE EFFECT OF PHENOTHIAZINE IN PupPPIES INFECTED WITH ASCARIDS 


WHY DO CELLS DIVIDE? , 

“So much is known about how a cell divides that our 
ignorance of why it divides is apt to be overlooked. 
There is probably no single answer that applies to every 
type of cell. Even if it is agreed that when it has 
attained a certain size a cell divides and multiplies, one 
must inquire whether external or internal causes make 
it swell to this size, and whether the causes act by stimu- 
lation or by removal of some restraint. In approaching 
this question from a theoretical standpoint most minds 
unconsciously assume that, whether delivered from 


within or without, the cell requires a prod. Nevertheless, 
in their attitude towards the cause of multiplication of 
tumour cells a great many authorities imply, if they do 
not actually state, that all cells would continually go on 
dividing if they were not subject to some restraint. Either 
attitude is reasonable but it is as well to be clear about 
one’s assumptions. Explants of tumour tissue begin to 
grow in vitro after a very short or even no latent period, 
and Doljanski and Hoffmann regard this as evidence of 
the unique position of tumour tissue with regard to the 
growth-inhibiting mechanism of the organism. No better 
evidence of the failure of the body to inhibit growth can 
possibly be obtained than that afforded by the behaviour 
of the tumour and its metastases in their natural abode. 
This failure, however, tells one nothing of the cause of 
the perpetual division of the tumour cell. The fact that 
growth starts without delay in tissue culture makes the 
untutored suspect that these cells carry a ready-made 
stimulus within them, whereas normal and embryonic 
cells must wait for one to be engendered, and that this 
positive stimulus is as little restrained by the culture 
medium as it is by the body.”"—The Lancet (June 29th, 
1940). 


Before Dosage. | After Dosage. mane 
‘Worms 
Pup Weight Dose in | No. of Days No. of Days Worms Found 
No. inlb. Grammes.| on which on which Passed. Post-mortem. 
Egg Counts Average. Fluctuation. Egg Counts Average. Fluctuation. 
were made. were made. 


Al 6 46 5,300  24,000— 2,400 9 2,700 3,600— 900 2immature 4 (1 immature) 
A2 103 7 14 6,100. 13,200— 1,500 6,600 19,000-3,600 None 19 (8 immature) 
A3 124 12 20 8,150 47,000— 3,100 13 4,700 7,100—1,000 | 3 immature 6 (3 immature) 
Ad 9 12 46 6,300  17,000— 1,600 9 4,500 9,800—2, 100 None 5 (3 immature) 
AS 10 Notdosed| 33 6,300 2,500 — 18 

AG 12 Notdosed|’ 16 7,300  22,000— 2,700 — 

Bl 9} 6 14 5,200 1,400-12,000 7 1,400 800-2, 100 None 2 (1 immature) 
B2 13 12 14 3,280 500-10, 100 7 980 400-1,900 None 4 (2 immature) 
B3 12 12 14 3,400 —-1, 100-10,000 7 1,600 700-3,300 | - None 9 (6 immature) 
Bt re: 6 14 1,900 200— 9,100 7 450 © 100-900 1 3. (immature) 


B1 passed 6 worms during the 14 days’ observation before dosing, and B2 passed 1 worm during the same period. 


ECONOMY IN THE USE OF DRUGS 


The British Medical Journal of June 14th, 1940, draws 
aitention to irregularities in importation and great increase 
in price of ergot preparations. This is another example 
reminding us ‘that war-time conditions call for the 
strictest. economy in the use of drugs. Our patients 
must have the maximum benefits from drug therapy but 
without wastage. Saving of drugs can be made by care- 
ful selection and more particularly by limiting prescrip- 
tions so that little or no unused medicine is left over at 
the termination of cases. © 
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ANTHELMINTICS 


EQURING the past few months trials have been 
made with phenothiazine in the control of 
parasitic infestation in the domestic animals. An 
account of the trials carried out by various workers 
is published in this issue of the Veterinary Record. 
The drug is not new for it was first prepared in 
1885, though its parasiticidal properties were not 
recognised till 1934. Experiments were carried out 
with the drug in this and other countries following 
an observation by Knipling in 1938 that pheno- 
thiazine given in small doses prevented the develop- 
ment of hornfly larvae in the faeces of cattle. 

The results of these trials are of such importance 
that the use of phenothiazine in the control of para- 
sitic infestation with certain helminths is likely to 
represent a great advance. We are as yet ignorant as 
to how the drug acts. It is important to note that 
it has a pronounced effect on strongyloid worms in 
the large intestine of the horse and also on tricho- 
strongyloid worms in the fourth stomach of the 
sheep. Further, with the worm Trichostrongylus 
axei, complete removal is effected from the fourth 
stomach of the sheep while it appears to have no 
action on the same species in the stomach of the 
horse. All worms, however, are not equally affected 
by the drug. It seems to be particularly successful 
in removing “red worms” in the horse and 
trichostrongyloid worms in the fourth stomach of 


the sheep. In addition, it is decidedly effective 


against Ostertagia, Haemonchus and Cooperia, 
though with Nematodirus the results have been less 
= Again, with Ascaris, the results in the 
orse are markedly good, but are somewhat less 
so in the pig, while in the dog it would appear that 
the drug is almost completely ineffective. These 
results provide evidence of the need for further 
investigation into the action of the drug. 
Phenothiazine has several marked advantages over 
many of the other drugs in common use in the 
control of parasitic infestations. Its very high 
efficiency in removing from the alimentary tract 
many of the species of parasites known to cause 
extensive damage, is outstanding. It is true that 
large doses appear to be necessary, but the drug is 
comparatively cheap. Experiments indicate that 
there is a wide margin between the therapeutic and 
and toxic doses for most species. There is evidence 


that the drug may produce toxic symptoms, espeti- | 
ally in horses, pigs and goats, but for all practical — 


purposes, if the prescribed doses are used and the 
administration is carried out as recommended, the 
chances of harmful results are negligible. | With 
many other drugs used inthe control of internal 
parasites, preparation and after-treatment of the 
subject are often essential and cause much incon- 
venience; these measures appear to be unnecessary 


with phenothiazine, which, in itself, is a great 
advantage in favour of its use. 

While more experimental and field work is de.ir- 
able, there is no doubt that in phenothiazine we 
have a most valuable product, the use of which 
should do much to control many of the parasitic 
infestations from which our domestic animus, 
especially sheep and horses, suffer. [It 1s also note- 
worthy that, in addition to the immediate effects of 
the drug on the worms in the alimentary canal and 
the consequent immediate benefit to the host follow- 
ing their removal, the use of phenothiazine, even in 
slight infestations, appears to ‘be beneficial, as is 
shown by the increase in weight following its 
administration. 

It is important for our readers to note that pheno- 
thiazine is a relatively simple organic chemical 
compound, that is, its composition is universally 
known and it is not in any sense a proprietary remedy, 
but is one that can be prepared by any firm of 
manufacturing chemists. Its application in field 
practice, in the light of what has been stated above 
in regard to its specific effects on particular parasites 
in certain hosts, must needs be restricted, however 
—at this stage, at all events—to skilled veterinary 


workers. 


ABSTRACTS 


[PHENOTHIAZINE AS AN ANTHELMINTIC FOR THE 
REMOVAL OF INTESTINAL WORMS FROM SWINE. 
- Swanson, L. E., Harwoop, P. D., and CONNELLY, 
J. W. (1940.) J. Amer. vet. med. Ass. 96. 333-338.] 
Swanson, Harwood and Connelly publish some 
preliminary data obtained from a number of experi- 
ments performed to determine the anthelmintic 
efficacy of phenothiazine for the removal of gastro- 
intestinal parasites from swine. Following a brief 
review of the literature dealing with the chemical, 
the authors discuss the materials and methods used 
in their experiments. The data presented indicate 
that phenothiazine, in doses far below those which 
proved even slightly toxic, removed approximately 
60 per cent. of the mature ascarids present in pigs 
at the time of treatment, but that the drug was much 
less effective against larval and well-grown but sexually 
immature ascarids. The drug appears to be as 
effective as oil of chenopodium, except in cases 
where only a few worms are present, and it possesses 
several practical advantages over other anthelmintics 
in that it has a low toxicity, a greater efficacy in 
heavily infested than in, lightly infested animals, 
easy to administer and is active against. more than oe 
species of worm parasite as it is the only knovn 
medicament which is effective for the removal >f 
nodular worms from swine. Its low efficacy in remc - 
ing ascarids when only few worms are present is a 
decided disadvantage. 
_ The authors also found that recrystallised pher 
thiazine was more effective as an anthelmintic th 
conditioned phenothiazine, which has been propos 
for, use as an insecticide. They do not consid 
it advisable to recommend the drug unconditiona! » 
at the present time until further tests have been carri + 
out although they propose a schedule of doses whi 1 
are intended only for experimental use. J. N. O. 
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[THE EFFECT OF COPPER SULPHATE AND FERRIC 
SULPHATE ON COCCIDIAL OOCYST OUTPUT IN 


FEEDER LAMBS. CurisTENSEN, J. F. (1940.) J. Amer. 
vet. med. Ass. 96. 478-480. (1 fig., 2 refs.).] 


During a study of “ feedlot ” coccidiosis in lambs 
in central Nebraska, an opportunity was afforded 
to test the effect of ingestion by the host animals, 
of small amounts of a solution of copper sulphate 
and ferric sulphate on the level of a natural coccidial 
infection. 

This test was suggested by the observation of 
Spindler that daily administrations of small quantities 
of a dilute aqueous solution of these chemicals to 
three spring lambs in Maryland produced a signifi- 
cantly lower average level of odcyst discharge during 
the early natural infection than was noted in three 
control lambs. In the present test it was desired 
to determine whether this reduction in odcyst discharge 
might be similarly produced in lambs confined to 
feedlots for fattening, by having available small 
amounts of these, chemicals for daily consumption 
during the first weeks of confinement, when cocci- 
diosis is most likely to develop. 

Twenty range lambs from a single shipment from 
New Mexico were separated into two groups of ten 
on the day following their arrival at the Nebraska 
feedlots. These groups were placed in adjacent 
pens but their feed and water containers were well 
separated. The two groups came from the same 
flock and were assumed to have equal susceptibility 
to coccidiosis. ‘hey received identical rations con- 
taminated with infected faecal material. It was 
assumed that the two groups picked up potentially 
equal infection and that any differences observed in the 
average odcyst discharge were produced by the 
administration of the chemicals. 

The test solution was prepared by dissolving 
2-3 ounces each of powdered copper sulphate and 
powdered ferric sulphate in 3-15 quarts of tap water. 
A cloudy, brownish precipitate formed and settled, 
and only the clear supernatant fluid was used. From 
the first day of confinement throughout the duration 
of the test, 2 ounces of this solution was added daily 
to the drinking water of the lambs in one pen, each 
lamb thus receiving theoretically an average of 1-5 
drachms of the solution daily, while the control lambs 
received none. 

Odcyst counts to measure the coccidial infections 
in the two groups were made every three days for a 
period of five weeks, which was considered sufficient 
to cover the period of maximum odcyst discharge. 
The manner of preparing the faecal samples for exami- 
nation and count is described. A figure is given 
indicating the comparative records of the odcyst 
counts in the two groups. The levels of infection 
in the two groups were similar for the first 16 days 
showing “‘ the low-grade odcyst discharges character- 
istic of chronic coccidial infections in healthy lambs.” 
‘Thereafter, however, during the remaining period 


of the test, the level of the odcyst discharge of the © 


treated lambs was significantly lower than for the 
lambs receiving no chemical. 'The untreated lambs, 
however, despite the higher average count, remained 
.ormal in health except for one lamb which suffering 
‘rom diarrhoea, passed faeces showing 78,000 odcysts 
per c.c. of faeces. The average for the entire group 
including this specimen was 18,000 per c.c. of the 
special suspension. 


It is admitted that the numbers involved in the 
present experiment are too few to justify any final 
conclusion but it is suggested that .it is possible 
that the use of a copper sulphate - ferric sulphate — 
mixture, preferably mixed as a powder with feed, 
might prove to be a valuable supplement to proper 
nutrition and management in eliminating the ever- 
present danger of outbreaks of clinical coccidiosis in 
certain parts of America. : 

L. E. W. B. 


Reference—Spinv.ter, L. A.: Effect of ferric sulphate and 
copper sulphate on coccidiosis in lambs, N. Amer. Vet. 
XX (1929) 5. 33-38,. 


[SPECULATIONS ON THE INCIDENCE OF ANTHRAX 
IN BOVINES. Cvrark, R. (1938.) J. S. Afr. vet. med. 
Ass. 9. 5-12.] 
- Most outbreaks of anthrax in South Africa are 
sporadic in nature and few animals die in each out- 
break. It is argued that most of the cases are due to 
massive infection caused by ingestion of contaminated 
bones or carcases owing to pica. If mass outbreaks 
_do occur vaccination is valuable but many of the good 


“results attributed to this may easily be due to the 


limitation of the infection to the animal or animals first 
affected, which appears to be a frequent result in 
unvaccinated herds. 

P. S. W. 


[THE IMMUNISATION OF BOVINES AGAINST LAM- 
_ SIEKTE. Mason, J. H., Steyn, H. P., and Bisscuop, 
J. H. R. (1938.) J. Amer. vet. med. Ass, 9. 65-70,] 

A series of five injections of 10 c.c. at three weekly 
intervals of formol toxoid of Cl. botulinum types C and 
D (D for the first three injections and C for the last 
two) produced a demonstrable immunity against 
lamsiekte. Half-yearly injections of 5 c.c. of each 
toxoid maintained this immunity. During 1937-1938, 
201 cattle were immunised and none died of lamsiekte. 
Of 14 control cattle four died. 

P: 3: 


[THE EFFECT OF INTERMITTENT STARVATION ON 
CALCIFICATION, FOOD UTILISATION AND TISSUE 
COMPOSITION. Ke vermann, J. H. (1939.) Onder- 

stepoort J. 12. 321.] 

Experiments were conducted on rats in an investiga- 
tion of the effect of short intermittent fasts (two days 
in seven) on bone calcification, food utilisation and 
tissues. The results, analysed statistically, showed 
-there were no significant differences between the 
‘percentage ash of the femurs of males compared 
with females or of controls compared with fasted 
animals. Further, there were no significant differences 
found between controls and fasted animals in respect 
of food utilisation, but males made uniformly better’ 
use of their food than females. Intermittent periods 
of fasting had no effect on the composition of liver and 
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NOTES AND NEWS 


The Editor will be glad to receive items of professional interest for 
. inclusion in these columns. 


Diary of Events | 


Sept. 16th—Meeting of the Editorial Committee, 
at 36, Gordon Square, W.C.1, 
p.m. 
Sept. 18th.—Meeting of the Western Counties Division, 
N.V.M.A., at Exeter, 2 p.m. 
Sept. 20th.—Last day for Entries for Miss Aleen Cust 
Scholarship. 
Oct. 10th.—R.C.V.S. Committee and Council Meetings. 
Oct. 11th.—R.C.V.S. Committee and Council Meetings. 


* * * * * 


PERSONAL 
D.S.0. for Lt.-Colonel A. A. Comerford, M.R.C.V.S. 


His colleagues in the profession will be proud and 
gratified to learn of the award of the Distinguished 
Service Order to Lieutenant-Colonel Augustine Ambrose 
Comerford, Royal Artillery, Territorial Army, for “ gallant 
and distinguished services in action in connection with 
the recent operations”—to quote the announcement 
appearing in The London Gazette of August 23rd, 1940. 

Lt.-Colonel Comerford, M.R.c.v.s., resides at Potton, 
Bedfordshire. He served throughout the last war in the 
Royal Army Veterinary Corps and in the R.A.V.C. (T.A.) 
for many years afterwards. He at one time held the 
appointment of D.A.D.V.S., East Anglian Division. 

On the reduction of the establishment of Veterinary 
Officers caused by mechanisation he transferred volun- 
tarily to the Royal Artillery and was subsequently 
gazetted Lieutenant-Colonel in that regiment on May 
22nd, 1939. 


Forthcoming Marriage-—BaLLs—Rusu.—The engage- 
ment .is announced between Donald Vernon Balls, eldest 
son of Mr. and Mrs. V. S. Balls of Wimbledon Common, 
London, and Izabel Scott Rush, only daughter of Mr. E. 
Rush, Oporto, Portugal, and Madame M. Broadbent 
Mena, of Lisbon, Portugal. 

* * * * * 


R.C.V.S. OBITUARY 


Brapsuaw, Capt. J. T. C., Winterbourne, St. Mathias’, 
Babbacombe Road, Torquay. Graduated London, July 
17th, 1909. Died August 27th, 1940. 

SuLLivaN, Hugh Augustus, Lt.-Colonel A.V.C. (retd.). 
Graduated London, December 17th, 1891. Died August 
24th, 1940. 


LrevTenant-Couvonet H. A. SULLIVAN, LATE A.V.C. 


We regret to record the death at Worthing on August 
24th of Lt.-Colonel Hugh Augustus Sullivan, late A.V.C. 

The deceased officer was born at Ootacamund, India, 
on May 25th, 1868, and qualified M.R.C.V.S., at the 
ag Veterinary College, London, on December 17th, 
1891. 

He was commissioned as Veterinary-Lieutenant on 
March 13th, 1892, and proceeded one year later to India, 
where he served until 1899. From November, 1899, until, 
Nevember, 1901, he was engaged in the war in South 
Africa and received the Queen’s Medal with three clasps. 
From 1902 until 1907 he again served in India and he 
retired with the rank of Major on April 17th, 1912. In 
October, 1912, he assumed duty as Assistant Director of 
Veterinary Services to the Home Counties Division, an 
appointment which he held until he was invalided from 
the-army in 1914. 

Lt.-Colonel Sullivan married in 1899, and is survived 
by .his widow, to whom we extend our sincere sympathy. 
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Tue Late Mr. R. L. CornegLL, B.Sc., M.R.C.V.S. 
(An Appreciation by one of his Former Teachers) 


Cornell was the best student of his year, in a cla:s 
some of whom have since succeeded in impressing then)- 
selves much more conspicuously on the notice of the 
profession. Retiring, gentle, modest, and friend). - 
disposed, his personal ambitions were restrained and hs 
capacity for asserting himself was reduced to such point 
that his talents probably never found an environment 
congenial to their full development. Reflection at this 
moment upon the careers of men who showed his degrcve 
of early promise cannot but excite wonder whether those 
who had it in their power to guide the destinies of the 
profession at the stage when Cornell graduated strove as 
they ought to have done to nurture to self-confidence 
and fruitfulness such as had his ability and his tempera- 
ment. 


Starr Captain E. A. W. Dixie 


We deeply regret to learn of the death in action at 
Cassel, a few miles inland from Dunkirk, of Captain 
Edward A. W. Dixie, a student of the Royal Veterinary 
College, who passed his third examination in July, 1939. 

In the course of a moving tribute published in the 
current issue of the Veterinary Journal, it is stated that 
Captain Dixie was a Territorial Officer and as such was 
mobilised at the outbreak of war. ‘‘ Whatever the task 
in hand,” says the writer (a professor at the College), 
“ Dixie would bring all his energies to bear upon it and 
he entered the new field of endeavour with all the zest he 
had displayed in his academic career.” 

“Captain Dixie was Anti-Tanks Officer to the 145th 
Infantry Brigade (Oxford and Bucks). His regiment, 
which was holding a position in the village of Cassel, was 
attacked by a large force of enemy tanks on the morning 
and afternoon of May 27th. Captain Dixie was firing a 
gun himself and, in his Adjutant’s words, ‘He put 
up a truly magnificent show, his guns accounting 
for a large amount of enemy tanks.’ This is exactly 
what I should have expected of him.” Shortly after, 
when moving out for a rest, he was mortally wounded. 

“Captain Dixie was 23 years old and his life was full 
of promise of great things,” the tribute proceeds. “ He 
will be deeply mourned by staff, students and lay per- 
sonnel of the College, for he was kind and courteous to 
all. The country and the profession can ill afford to 
lose such men.” All our own readers will desire to join 
in the expression of deepest sympathy then extended to 
the mother of this gallant veterinary student. 


* * * * 


LEGAL NOTES 


Veterinary Surgeons Act: Successful Dublin Summonse; 
by Veterinary Council 


MANUFACTURERS OF REMEDY FOR CONTAGIOUS 
ABORTION IN Cows Finep £200 


The Irish Times of August 29th reports that Certu; 
Chemical Industries, Ltd., Pearse Street, Dublin, were 
fined £100 on each of two summonses charging the: 
with practising or holding themselves out as practising 0° 
being prepared to practise veterinary surgery or veterinar\ 
medicine, contrary to Section 47 of the-Veterinary Sur- 
geons Act of 1931, at Saucerstown, Swords, Co. Dublin. 
on February 5th last, and at Kiloternan, Co. Waterfor<, 
on July 3rd. 

Ten guineas costs and expenses were given agains: 
them. 

Evidence was given by Messrs. Colm Lawless, Saucers - 
town, and Maurice Fitzgerald of representatives of th 
company having treated their cattle for contagious abor- 
tion by a remedy stated to have been manufactured b) 
the company. 
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Mrs. Dore, director and secretary of the company, said 
that they had received testimonials from farmers and 
colleges all over the country. Their agents were instructed 
not to treat cattle, but only to sell the remedy. 

in reply to Mr. C. Lavery, k.c., who, with Mr. Andreas 
O'Keefe (instructed by Messrs. Arthur Cox and Co.), 
appeared for the Veterinary Council, she said that it was 
not for her to say whether the douche, which was in 
powder form, contained 87 per cent. of ordinary salt. 
That was a matter for the chemist. 

Captain P. Cowan, solicitor, for the company, said 
that the defendants never had held themselves out as 
practising, or being prepared to practise, veterinary 
medicine or surgery. 

The Justice said that 87 per cent. of this “ infallible ” 
remedy for the terrible disease of abortion in cows was 
ordinary common salt. This was a farming community 
and one depending on veterinary science and the proper 
treatment of cattle. 

Captain Cowan said that in fairness to his clients he 
must say that Mr. Lavery only had suggested to a witness 
that this remedy contained 87 per cent. of salt. They 
had not been given an opportunity to refute that. 

He added that his instructions were to appeal against 
the decision. 


Control of Animals in Air Raids: New Defence 
Regulations 


We reproduce below the text of three new Regulations 
(25a, 258, and 798) recently made under Order in Council 
and issued by the Ministry of Home Security as Statutory 
Rules and Orders, 1940, No.-1134—adding these Regu- 
lations to the Emergency Powers Defence (General) 
Regulations, 1939. 


PoweR TO CONTROL ANIMALS IN THE EVENT OF 
HostTILe ATTACK 


25a.—(1) The Secretary of State may by order make 
such provision for the control of animals and_ vehicles 
drawn by animals as he considers expedient with a view 
to securing the public safety or natant public order 
in the event of hostile attack. 

(2) Any such order may be made so as to apply either 
throughout Great Britain and Northern Ireland or to any 
areas therein. 

(3) A constable in uniform may inspect any animal to 
which any such order applies and the harness or other 
equipment attached thereto for the purpose of ascertaining 
whether the order is being complied with, and, if the 
animal is in motion, any person driving, leading or other- 
wise in charge of the animal, shall stop the animal on 
being required so to do by the constable and render all 
reasonable assistance to the constable for the purpose of 
the exercise of his powers under this paragraph: ~~~ 


Stray Docs 


25p.—(1) A person taking possession of a stray dog 
may, instead of returning the dog to its owner or taking 
it to a police station in accordance with subsection (1) of 
section four of the Dogs Act, 1906, as amended by any 
subsequent enactment, take the dog to any animal post 

within three miles from the place where the dog was 
found and inform the person in charge of that post where 
the dog was found. 

(2) Where a dog is taken to an animal post under the 
foregoing paragraph, the person in charge of the post 
shall: — 

(a) forthwith take such steps as may be reasonably 
practicable to trace the owner of the dog and restore 
it to him; 

(b) within three days next following the day on 
which it was taken to the post, take the dog to the 
nearest police station, unless it has been restored to 
its owner; 
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and where a dog is taken to a police station in pursuance 
of this paragraph, it shall be treated as if it had been 
seized by a police officer in pursuance of section three 
of the Dogs Act, 1906. 

(3) The person in charge of an animal post shall enter 
in a register kept by him the following particulars as 
respects any dog taken to the post in pursuance of this 
Regulation, namely : — 

(a) a brief description of the dog; 
(b) the date on which it was received by him; and 
(c) the manner in which it was disposed of; 
and shall cause the said register to be open to inspection 
at all reasonable times by any member of the public. 

(4) In this Regulation the expression ‘animal post’ 
means any post established, under arrangements approved 
by the Minister of Home Security, for dealing with 
animals in the event of hostile attack. 

(5) This Regulation shall not extend to Northern 
Ireland. 


PoWER TO SLAUGHTER DANGEROUS AND INJURED ANIMALS 
IN THE EVENT OF HostTILeE ATTACK 


79s.—(1) In the event of the occurrence of hostile 
attack in the vicinity, any constable may— 

(a) with a view to securing the public safety or 
maintaining public order, slaughter any animal which 
appears to him to be— 

(i) at large or out of control; and 
(ii) dangerous or seriously injured; 

(b) with a view to preventing the wastage of food 
suitable for human consumption, slaughter any 
animal which appears to him to be seriously injured; 

.Provided that the power conferred by sub-paragraph 
(b) of this paragraph shall not be exercised, if the owner 
of the animal is present and objects. 


(2) A chief officer of police, if he considers it necessary 
or expedient so to do for the purpose of— 

(a) securing the public safety or maintaining 
public order; or 

(6) preventing the wastage of food suitable for 
human consumption, 

in the event of hostile attack, may authorise in writing 
any person being a duly registered veterinary surgeon or 
an officer of an approved organisation to exercise the 
i conferred on a constable by the foregoing para- 
grap 

(3) The power to slaughter an animal conferred by or 
under this Regulation shall include power— 

(a) to cause or procure the animal to be slaugh- 
tered by some other person; 

(b) to enter, and to authorise any such other 
person to enter, upon any land for the purpose of the 
slaughter; and 

(c) to remove and dispose of the carcase, or cause 
it to be removed and disposed of : 

Provided that— 

(i) except where an animal is slaughtered in a 
place to which the public have access, the power to 
remove the carcase shall not be exercised if the 
owner is present and objects; and 

(ii) any person exercising the power to dispose of 
a carcase. shall comply with such directions (if any) 
as may be given to him by the chief officer of police. 


(4) In this Regulation the expression “ approved orga- 
nisation ’’ means any organisation formed for the promo- 
tion of the welfare of animals and for the time being 
approved for the purpose of this Regulation by the 
Minister of Home Security. 

(5) This Regulation shall, in its application to Northern 
Ireland, have effect as if for the reference to the Minister 
of Home Security there were substituted a reference to 
the Secretary of State. 


In connection with Regulation 79B (Power to slaughter 
dangerous and injured animals in the event of hostile 
attack), the following comments are made in a communi- 
cation addressed by the Home Office to chief ew 
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of police, for their assistance in the intervretation and 
enforcement of the Regulation : — 


Paragraph (1) confers certain powers on a constable to 


slaughter animals (a) with a view to securing public, 


safety or maintaining public order, or (b) to prevent 
wastage of food. (This latter provision is intended for 
cases where animals suitable for food have been injured 
in an air raid and would become useless for human 
consumption unless slaughtered immediately). 


Paragraph (2) enables chief officers of police to confer 
similar powers on registered veterinary surgeons or 
officers of organisations approved by the Minister of 
Home Security. The purpose of this power is to enable 
full use to be made of the local units of the National 
A.R.P. Animals Committee, which the Minister of Home 
Security has approved for the purpose under paragraph 
(4) of the Regulation. This Committee, as explained in 
A.R.P. Department Circular 267/1939 of October 7th, 
1939, is organised to relieve the police and local authorities 
of much of the responsibility for dealing with animals in 
air raid conditions. It will be noted that any authority 
given by the police under paragraph (2) of the Regulation 
must be given in writing and it is suggested that the 
following form should be used : — 


“ Authority to act under Regulation 798 of the Defence 
(General) Regulations, 1939 


To A.B. ‘ 

In pursuance of Regulation 798 of the Defenc 
(General) Regulations, 1939, I hereby authorise you 

during, or within 12 hours after, the occurrence 
of hostile attack in the vicinity, to slaughter any animal 
which appears to you to be seriously injured and, if the 
animal is slaughtered in a place to which the public have 
access, to remove the carcase or cause it to be removed 
therefrom; 

Provided that you are not authorised to slaughter any 
animal which appears to you to be neither at large nor out 
of control nor dangerous nor in such condition as to be 
likely, in the circumstances, to cause public disorder or 
disturbance, unless food suitable for human consumption 
would be likely to be wasted if the animals were not 
slaughtered, and the owner, if present, raises no objection. 


C.D., 
Chief Constable 


* * * * * 


FOWL CHOLERA IN SCOTLAND 


In a recent announcement the: Ministry of Agriculture 
states that outbreaks of fowl cholera have recently been 
diagnosed in the counties of Dumbarton, Stirling and 
Clackmannan. This disease attacks all types of domestic 
poultry and some wild birds and is capable of causing 
severe losses. All poultry owners are advised to investi- 
gate immediately any unusual mortality by sending one or 
two specimen carcases to a poultry laboratory for examina- 
tion. 

To prevent the further spread of infection, the following 
precautions should be adopted by all owners of poultry in 
or near the above-mentioned counties. ’ 

When possible purchase live birds only from sources 
which are known to be free from disease. 

‘With every newly purchased lot of birds mix one or two 
low value birds of the home flock and keep them together 
in isolation for 14 days. Any illness or death among them 
should be investigated without delay. 

Make sure that all crates and other receptacles used for 
birds are at once thoroughly disinfected, in compliance 
with the Poultry Markets and Receptacles (Disinfection) 
Order of 1936. 

Fowl cholera is not an egg-borne disease. An advisory 
leaflet (No. 19) on fowl cholera is obtainable post free on 
application to the Ministry of Agriculture, Lindum Hotel, 


_ Lytham St. Annes, Lancs 


MINISTRY OF AGRICULTURE NEWS SERVICE 


SucaR Beet Growers Beat REcorDs.—An encouraging 
picture of the home sugar industry was given by Sir Francis 
Humphrys, Chairman of the British Sugar Corporation, 
at the Annual Meeting. Farmers last season produced 
the record average yield of 10-14 tons of beet per acre, 
compared with the average of 8} tons for the past ten years. 
In spite of exceptional frost, that often made lifting difficu!t, 
and in spite of transport difficulties, 99-5 per cent. of the 
crop was delivered and gave more sugar at a time when the 
need for home supplies was greatest. The 1939 crop gave 
us not only 500,000 tons of sugar but 300,000 tons of dried 
and molassed sugar beet pulp, equivalent in feeding value 
to oats, and 3,000,000 tons of crowns and leaves, that ton 
for ton are of higher feeding value than turnips, sweces 
and mangolds. This saved the country additional shipping 
space and foreign exchange as well as saving us the high 
cost of insurance and convoying. 

Sir Francis Humphrys paid a tribute to farmers and 
seedsmen for their enterprise in growing at home the seed 
we had to import until a few years ago. Arrangements 
have been made to produce at home all our seed require- 
ments for a normal season. As a measure of prudence a 
reserve of seed has been created in America. 

Sucar Beet Tops.—The feeding value of sugar beet tops 
is often under-estimated. When clean and fresh, this 
value is equal to the same weight of swedes and a 10-ton 
crop of washed beet gives 8 to 9 tons of tops. They may 
be reckoned as equivalent to three-fifths of an acre of tur- 
nips. Sugar beet tops come at a time when natural decay 
is slow and, therefore, retain their freshness up to the new 
year. 

Use.—They can be used in four ways: (1) feeding to 
sheep and sows on the field; (2) carting off to stock a 
pasture; (3) for silage; (4) for ploughing-in. Folding 
with sheep is the most convenient and economical method 
disposal. One acre of tops, supplemented with a grass 
run will keep 90 to 100 ewes for a week. Folding entails 
less waste than free range and a change to grass also makes 
for greater cleanliness. One cart-load daily is usually fed 
to 20 to 30 cows when the tops are carted and spread on 
pasture. The clamp is the cheapest and most convenient 
form of silo for beet tops, but good silage can also be made 
in pits where drainage is satisfactory. A clamp usually 
about 14 feet wide, is made on the surface of the ground 
and carried up to 7 to 8 feet, the empty carts going over the 
heap lengthwise. After rounding off, a cover of straw is laid 
on and immediately earthed over to the depth of 1 foot. 
The heap will settle to 3 to 4 feet, and if cracks appear in the 
soil covering they should be filled up. As a rule, 3 to 4 feet 
of length is allowed for each acre of crop. 


AGRICULTURAL RESEARCH COUNCIL 


The Committee of Privy Council for the Organisation 
and Development of Agricultural Research has appointed 
to fill vacancies on the Agricultural Research Council, 
caused by normal retirement, Sir Robert Blyth Greig, 
LL.D., D.Sc., and, after consultation with the President of 
the Royal Society, Professor W. W. C. Topley, M., 
F.R.C.P., F.R.S., Professor E. J. Salisbury, pD.sc., F.R.S., and 
Professor T. J. Mackie, M.D., D.P.H., M.R.C.P.E., F.R.S.E. 
The committee has also reappointed Sir William Cecil 
Dampier, sc.D., F.R.S., and Mr. John Smith, M.R.c.v.s., 
D.V.H., for a further term. 


* * * * * 


A BACTERICIDAL BACTERIAL EXTRACT 


Commenting that when so many workers are pre- 
occupied with the study of chemotherapy by means of 
sulphonamide compounds it is interesting to find that 
substances which will kill bacteria are also being lool.ed 
for in quite another direction, the British Medical 
Journal, in an annotation appearing in December, 19:9, 
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continues: “An effort demanding exceptional patience 
and optimism which has nevertheless had astonishing 
success is described in a series of papers by R. J. Dubos.* 
He started with the assumption that bacteria may exist 
which are capable of attacking Gram-positive cocci or 
some of their constituents, and employed in searching 
for them a method which has in fact already yielded 
micro-organisms capable of breaking down pneumo- 
coccal polysaccharide. A mixed sample of soil with 
certain mineral additions was maintained under suitable 
conditions of humidity and temperature until its decom- 


- position was considered almost complete, and then fed for 


two years with suspensions of staphylococci, strepto- 
cocci, and pneumococci. Since these bacteria furnished 
the only pabulum, only those soil organisms which could 
attack them would continue to proliferate, and presum- 
ably their capacity for doing so would be accentuated 
by adaptation during so long a period. At the end of 
it a sporing aerobic Gram-positive bacillus was isolated 
in culture from the soil which formed a substance capable 
of lysing staphylococci. This substance was liberated 
by the disintegration of the bacilli in ageing cultures, 
and could be obtained in a comparatively pure state by 
acidification, which precipitated it, and re-solution in 
a neutral medium. Although earlier preparations so 
obtained contained a protein, further purification yielded 
a highly active extract which was protein-free. The 
properties of this substance are quite unexampled. It 
attacks not only staphylococci but all Gram-positive cocci 
which have so far been tested; on the other hand, it is 
entirely without action on Gram-negative bacteria. 
Pneumococci, which are most susceptible to its action, 
are killed in a short period by a concentration of 0°002 
mg. per c.cm., and their growth is inhibited by the 
presence of less than one-hundredth of this amount. 
The lysis which results from its action is regarded as 
secondary, death having been caused by an action the 
nature of which is uncertain, although there is evidence 
of interference with the dehydrogenase system of the 
bacterial cell. Not only is this bactericidal action exerted 
in vitro, but the substance protects mice against large 
multiples of a minimum lethal dose of pneumococcus 
culture, even when its administration is postponed for 
several hours after infection. This is, of course, a much 


more remarkable property than any in vitro action, and 


at once stultifies any comparison with the action of violet 
dyes, to which there is some resemblance in the fact that 
only Gram-positive bacteria are attacked. It is not too 
much to say that these observations open a new field in 
the study of bacterial metabolism. It has long been 
known that some bacteria form substances more or less 
antagonistic to the growth of others—pyocyanin is the most 
familiar and best authenticated example—but the vigour, 
scope, and specificity of the effect demonstrated by Dubos 
are something entirely new. It may well be that suscep- 
tibility to the products of other bacteria is confined to 
a few pathogenic species, fastidious in their growth 
requirements; on the other hand, who knows what further 
strange phenomena may be brought to light by patience 
and a few pots of soil?” 


*J. exp. Med. (1939.) 70. 1, 11, 249. 
* * * * * 


PATHOLOGICAL EFFECTS OF VASOPRESSIN 


“Our knowledge of the functions of the posterior 
pituitary is still incomplete,” stated the Lancet recently. 
“While recent work has plainly implicated the anti- 
diuretic fraction in the physiological control of water 
metabolism, the pressor activity remains of uncertain 
importance; yet the two activities have never been 
obtained in separate fractions. The classic proofs for 
the endocrine function of a gland are also difficult to 
apply to the posterior pituitary owing to its dependence 
on nerve control, though the effects of overdosage of 
vasopressin may give some indication of the results of 
a pathological hyperfunction of the gland itself. ' 


were revoked recently. 


“Dodds and his colleagues! demonstrated the pro- 
duction of gastric ulcers in rabbits and other animals 
following the injection of large Berges of vasopressin. 


They were able to demonstrate? that the action is due 
to the pressor effect of the extract which diminishes the 
visceral blood-flow and leads to the inhibition of gastric 
and pancreatic secretion. ‘The ulcers are caused by the 
action of the acid stomach contents on the ischaemic 
mucosa, thus explaining the fact that they are most easily 
produced in the rabbit whose stomach is normally never 
empty. They also demonstrated? the production of a 
macrocytic anaemia in rabbits by the same means, though 
the cause of this is still doubtful. These findings did 
not at first seem of great practical importance owing to 
the very large doses of vasopressin required, but Idris 
Jones* has since described a case with hypochromic 
anaemia, hypertension, decreased glucose tolerance and 
achlorhydria which he suggests was an instance of pos- 
terior pituitary hyperfunction. Noble, Rinderknecht, 
and Williams® were able to demonstrate large amounts 
of pressor and antidiuretic activity in this patient’s urine, 
the excretion of which ceased at the same time as the 
symptoms. Another important effect of vasopressin over- 
dosage is the kidney lesions, described by Byrom® and 
Liu and Noble.’ These are of more immediate clinical 
interest since they are suggestive of those found in 
toxaemias of pregnancy. The large quantities again 
necessary to produce the lesions experimentally do not 
rule out the connection since Byrom§ found that oestrone 
er chorionic gonadotrophin will sensitise the rat to the 
toxic effects of vasopressin. These facts offer some 
explanation of the onset of the disease during pregnancy. 
The water-retention and hypertension found in toxaemia 
of’ pregnancy had in any case suggested to earlier authors 
that the disorder was caused by posterior pituitary hyper- 
function and there have been claims that pressor and 
antidiuretic activity has been found in the blood of such 
patients. These claims have, however, not been sup- 
ported. The latest is that of Teel and Reid? who find 
antidiuretic activity in the urine of pregnant women 
suffering from toxaemia. The quantitative basis of these 
experiments is open to objection owing to the recent 
demonstration!® that blood and urine extracts are capable 
of augmenting the antidiuretic action of vasopressin by 
diminishing its rate of absorption. ‘These facts, which 
have been ably summarised by Liu,!! all point to the 
conclusion that the experimental effects produced by 
vasopressin overdosage do simulate clinical conditions.” 


4 pam, > C., Noble, R. L., and Smith, E. R., Lancet, 1934. 
2 


. Cutting, W. C., Dodds, E. C., Noble, R. L., and Williams, 

P. C., Proc. R. Soc. B., 1937. 123. 27. 

. Dodds, E. C., and Noble, R. L., Nature, 1935. 135. 788. 

. Jones, E. I., Lancet, 1938. 1. 11. 

. Noble, R. L., Rinderknecht, H., and Williams, P. C., Ibid., 

. Byrom, F. B., J. Path. Bact., 1937. 45. 1. 
Liu, S. H., and Noble, R. L., J. Physiol., 1938. 93. 13P. 
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= SP OND 


‘Swine fever has at last been got under control in Aber- 
deenshire, and the Orders forbidding sales in the city 
and county, after being in operation for several months, 


* * * * 


By an amendment of the Poisons Rules made under 
the Pharmacy and Poisons Act the ban on the use of 
strychnine as a vermicide is removed. Under the new 
regulation a quantity, not exceeding 4 oz. of strychnine, 
may be supplied to a person producing a written authority 
issued by a county war agricultural executive committee, 
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CORRESPONDENCE 


Letters to the Editor should reach the Office not later than by the 
first post on Tuesday morning for insertion in following Saturday’ s 
issue. 

The views expressed in letters addressed to the Editor represent 
the personal view of the writer only and must not be taken 
expressing the or Saving received the of the N.V.M. 4. 

* 


RED CROSS AND VETERINARY CHARITIES 
FUND 


To THE EpIToR OF THE VETERINARY — 


Sir,—Just over a month ago the writer started a fund 
to help primarily the Red Cross. At the suggestion of 
several friends contributions were also invited for veter- 
inary charities. Veterinarians who possess gold or silver 
medals or other gold or silver articles were asked to 
contribute them to the fund or to make a cash contribu- 
tion instead. In the Veterinary Record of August 10th 
the fund was referred to in “ Notes and News.” 

The total amount received to date is approximately 
£17, of which £13 is for the Red Cross and £4 for the 
Victoria Veterinary Benevolent Fund; this distribution 
between the two charities is that suggested by the indi- 
vidual donors. Ten veterinarians have contributed, the 
amounts received from individuals varying from 5s: to 
rather more than £3. 

The response can only be described as disappointing. 
If every veterinary surgeon and veterinary student “in 
possession of medals were to surrender them we should 
raise several hundred pounds. It was hoped that an. 
appeal which invites the sacrifice of medals by those who | 
during their student days or later were fortunate enough 
to be awarded them would meet with a_ widespread 


‘response. Those who qualified at the London College 


alone during the past 25 years could themselves contribute 
£100 with ease. And what of those who graduated at 
the other veterinary colleges of Great Britain? Are 
there no medallists from this source or is it that they hide 
their medals under a bushel? If so, now is the time to 
bring them to light. If modesty prevents any medallist 
from sending in his or her medals, anonymous contribu- 
tions would be gratefully received. 

Every gold medal will realise approximately 23s. and _ 
every silver medal just over 3s. The need is great. I 


await with confidence the hundreds of medals which \ || 
arrive following the publication of this letter; I hove 
the charities will not be disappointed and that the pr.- 
fession will make a response worthy of its best traditio: s, 
A list of contributors will be published as soon as t ie 
exact amounts obtained from the sale of medals s-e 
received from the refiners. 
Yours faithfully, 
E. G. Waite. 
Research Institute in Animal Pathology, 
Royal Veterinary College, 
“The Beeches,” 
Streatley, Berks. 
August 29th, 1940. 
* * * 


ANTI-BLAST EAR PROTECTORS 
To THE EDITOR OF THE VETERINARY RECORD 


Sir,—Would you please grant space so that the atten- 
tion of members of the N.V.M.A. may be drawn to a 
highly approved form of ear pad protecting the tympanum 
against blast? 

A very efficient protection against blast as it affects the 
tympanum of the ear has been devised and placed before 
the public. 

Made from latex, multicelled, moulded to form a 
hollow hemisphere which encloses the whole ear, the 
“pads” are reinforced and held together as a pair by an 
elastic band which is adjustable to persons of all ages. 
The combined weight is about 2 oz. Though these 
form an efficient protection as aforesaid, normal conver- 
sation can be carried on by the wearer. 

My principal object in introducing this is indicated by 
the following: according to information received from 
refugee friends from Poland and the Low Countries, the 
damage done to the tympanum of the ear by blast was 
probably one of the most common injuries sustained by 
the civilian population of these countries. 

The cost of the appliance is very moderate. 

Yours faithfully, 
Gerorce Dykes. 
Small Animal Clinic, 
6, Douglas Street, 
Glasgow, C.2. 


DISEASES OF ANIMALS ACTS, 1894 to 1937, ann AGRICULTURE ACT or 1937 (PART IV) 
_ Summary of Returns of Confirmed Outbreaks of Scheduled (Notifiable) Diseases 


Foot- 
Anthrax. and-Mouth Parasitic § Sheep Swine 
Disease. Mange. Scab. Fever. 
Animals 
slaugh- 
Out- _ Out- tered as Out- Out- Out- Swine 
Period. breaks | Animals| breaks _ diseased breaks | Animals || breaks | breaks | slaugh- 
con- |attacked.| con- or ex- con- j|attacked.| con- con- tered 
firmed firmed. | posed to | firmed. firmed. | firmed. — 
infection. || | 
No. No. | No No. | No. No. No. No. No. 
Period 16th to 31st July, 1940 26 31 | .— —- | — - 1 205 15° 
Corresponding |. 
1939 29 34 1 138 | 146 
1938 24 26 2 321 — — 1 41 | 19 
1937 26 42 6 400 || 1 1 1 ee | 
Total Ist January to 3lst July | | 
1940 || 322 365 | 19 2,850 | 30 118 2,538 | 1,58: 
Corresponding Period in in 
1939 555 | 44 || 31 70 157 1338 97 
1938 Bere gaye | 535 592 | 157 20,261 42 70 105 377 | 267 
1937 457 556 15 3,646 87 124 131 688 . 427 3 


Nov.—The figures for the current year are approximate only 


§ Excluding outbreaks in Army Horses, 


| 
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Veterinarians interested in injection 
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literature describing 
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Supplied by: 
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Factors in Canine Nutrition 


[ No. 37 | 


The B.2 Complex — Continued 


| In the preceeding advertisements we have indicated the different 
nutritional roles of aneurin, riboflavin, nicotinic acid, and adermin in 
canine diets. These differences have been observed and recorded in 
researches of a very delicate and specialized nature and will lead to a 
fuller understanding of the B complex. On the other hand, earlier 
researches conducted in less precisely controlled conditions showed 
apparent similarity in function between various factors in the 
complex. This may have been due to incomplete elimination from — 
the diet of the factors under test; it may also indicate that the 
factors have a cumulative effect when supplied together. For. 
i ’ practical purposes, it is certainly to be recommended that the B 
complex be used as a unit in treatment. 


What Admin Contains 


ADMIN contains a minimum of 15,625 
international units of Vitamin A; 
3.906 international units of Vitamin D; 
2,510 international units of Vitamin B.1 
per pound, and proportional amounts 
of the rest of the Vitamin B complex 
and Vitamin E, which have as yet 


no international standard. It supplies 
assimilable calcium, phosphorus, iron, 
copper, manganese, and iodine in the 
optimum quantities and proportions. 
Moreover, I oz. of ADMIN contains 
as much protein nourishment as 3 ozs. 
of prime raw fillet steak. 


PACKETS 6d. and 1/6d. (about }-lb. and 1-lb. respectively) are sold to the 
general public through chemists and corn chandlers. The 7/6d. tin (containing 
about 7-lbs.) is supplied to — Veterinarians at 5/6d. Orders of 3 tins 


and over are sent carriage free 


ADMIN 


issued by COOPER McDOUGALL & ROBERTSON LTD, BERKHAMSTED, HERTS 


